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Foreword 

Th~s User-fr~endly FieldILaboratory Manual for water analysis is a inajor contributioii 
made by the scientists who are actively engaged in water-related research at the 
Department of Environmental Sc~ences, Institute of Fuiidamental Studies, Kandy. 
Successful effort has been made by them to comprle cost-effective techn~ques for analysis 
of surface water. This s~mple but precise sampl~ng techniques and analytical methods 
are quite appropriate for tlie researchers in th~s  country. The unified format introduce 
in thls manual for sampling techn~ques and analytical methods would make this an easy 
reference. In addition to sampling and analytical techn~ques, this manual also deals w~th 
other aspects of water quality assessment such as equipment maintenance, laboratory 
safety, qual~ty control, quality assurance and dissern~nation of data. D~agnosis of errors 
111 chemical analysis uslng bas~c stat~stics is also incorporated in th~s  work. 

Appl~cat~o~i of correct and relevant aiialyt~cal teclin~ques is essential In the 
~inplementation of programmes aimed at monltoriiig water quality. As shown In several 
prevlous studies, tlie analytical results become meaningful only ~f inter-laboratory 
comparisons are made. It  is unlikely that this can be achieved without havlng an 
agreement for un~fled and similar methodologies. It is interesting to note that this aspects 
is a150 taken care of 111 this manual. Tli~s manual IS undoubtedly a useful laboratory 
reference gu~de, espec~ally In the context of Sri Lanka. 

Professor Kirtlii Tennakoile 
Act~ng D~rector, IFS. 



Message 

Observers of Sri Lanka's development process can scarcely ignore the fundamental 
contrtbutton of water to the developnlent process Whether as a source of energy, an 
Input to the production process. a lnedluln for recreational activlty or. 111 its most 
essential form, a source of I~fe,  water must be lnalntalned 111 suffic~ent quallty and 
quantity. 

Because water is so important, soclety must monitor ~ t s  use closely The deterloratlon 
of water's quality and quantity - as evidenced through stckness In the population, 
contammatton of ground water tables, or shortages In energy, for example- may have 
Important soclal, economic and pol~tlcal repercusslolls. 

Recogn~zlng the importance of water qual~ty tnonltorlng, and the relatlve ~naccesstb~lity 
ot tlmely and accurate water rnoliltorlng ~nforrnatlot~, lJSAlD and International Resources 
Group agreed 111 1993 to glve f~nanclal support to the Institute of Fundamental Studles 
to carry out a project on Quallty Assessment ot Surface Water In Srl Lanka. The work 
was to support, among other tlilng~, the product~on o!' a tralnlng manual on water 
analys~s and assessment of the water clual~ty of twelve selected water bod~es ~n Srr Lanka 
These two documents have now been completed. 

NAREPP/IRG sees the product1011 ot thew two tlocuments as Important steps in the 
longer process of Improving water ~nonltorlng in Srl Lanka. The challenges remalns 
slgn~flcant, not least in beginn~ng the actual nio~i~tor~ng of quality In the twelve ~dentlf~ed 
water bod~es Addlt~onal challenges rncludo clar~ficatloli of the roles of tlie d~verse 
Instltullonc, tnvolved In water rnonllorlng It 1s our hope that the documents produced by 
tlie IFS may qerve as Input for thosc who a m ,  ult~niately. to establ~sh coordtnated water 
yual~ty Inonltoring systems and to c,upport the Instltutlons wh~cli can sustaln them In the 
long run. 

The Natural Resources and Elivironmental Policy Project (NAREPPIIRG) 
International Resources Group, Pr~lne Contractor 
Colombo. 1996 
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Preface 

Methodologies used 111 qual~ty assessment of surface water change rap~dly over trme 
along with analyt~cal advancements and subsequent technolog~cal Inventions 
Nonetheless, ~t takes tllne to accept a new teclin~que for sampl~ng or a method of arialysls 
as be~ng a standard method. Mean~ngful and object oriented water qual~ty assessment 
programmes are launched at present for trend analys~s. 111 the case of comparlson, the 
reported data IS valid only when s~m~la r  methods are employed. Therefore. it 1s a 
prerequlslte to have s~m~la r  metliodolog~es dur~ng sa~npl~~ig,  processtng and analys~s when 
qualrty assessment programmes are launched by d~fferent laborator~es. D~fferent methods 
can be used 111 accordance w~tli the ava~labil ~ t y  of resources and cost-effect~veness. But 
teclln~ques and methods should sat~sfy reg~onal and global standards. 

Careful examlnatlon of tlie ava~lable l~terature on surface water qual~ty in Srl Lanha, In 

many Instances revealed that the techniques used In sampl~ng and the methods employed 
In analys~s were not well- def~ned. Different methods have been e~nployed to analyze 
the same constituent by different laboratorles or ~nd~v~duals. The use of s~ln~lar  metliods 
IS extremely important when prec~sion analys~s IS undertaken for constrtuents such as 
trace elements, mlcro-nutrients and organlc res~dues. 

The number of state ~nst~tutlons and tlie non-government and prlvate sector organlzatlons 
wh~ch are ~nvolved 111 water analys~s In Srl Lanka shows a raprd Increase today I n  the 
process of qual~ty assessment of surface water, outdoor sampling and bench work arc 
always carried out by techn~cal level f~eld assistants and laboratory analysts respect~vely 
It 1s quite clear that analytical techn~ques 111 Inany manuals are co~npl~cated with technical 
jargons and d~ff~cult to understand at a qu~ck glance, especially for teclin~cal level 
analysts. Therefore, tlie val~d~ty of the data generated dur~ng such analys~s IS 

questionable. To f~l l  tlie prllnary need for un~f~ed and s11n11ar metliodolog~es in sampl ~ n g  
arid analysrs and to make ~t convenient for techu~cal level analysts, an attempt has beell 
made to prepare this user-fr~endly f~eldllaboratory manual as an actlvlty component of 
the proposed project on qual~ty assessment of surface water in Srl Lanka funded by the 
US AID and coord~nated by NAREPPIIRG 

Sampl~ng teclinlques and analytical methods descr~bed In th~s  lnanual are not new but 
easy to employ and cost-effectwe. An attempt has also been made to si~npl~fy the text 
whrch descrrbes tlie techn~ques and methods using a un~fied format and s~rnple language. 
In tli~s manual, prlorlty IS glven o~ily for samplrng of surface water and analysis of 
Important phys~co-chemical constrtuents and some bacter~ological properties wli~cli are 
co~n~nonly used to assess water qual~ty. 



The rationale of water analysis and tlie princ~ples and procedures underlined and the 
analytical techn~ yues are first explained. The user maintenance ot baslc sainpl~ng 
equip~iient and laboratoryware is d~scussed next. S~mple statlstlcal methods to exainlne 
tlie precision and accuracy of results are descr~bed 111 Chapter 3. Chapter 4 of this 
manual has been entirely devoted to explaining the salnpllng strategies, the appropriate 
number of samples whicli should be talten {'or water analysis and field processes of 
sample treatment and storage. The way i n  wli~cli samples should be taken for 
microbiological exam~nations is also described in detail. All these sectlons w~ll  be of 
special Interest to water analysts, scientists and to managers and adm~iiistrators 111 the 
water industry. Aiialytlcal procedures of pliys~cal cliaracterist~cs, chein~cal constituents 
and bacter~ologlcal properties descr~bed 111 detall rn Chapter 5 will be of particular 
concern to water analysts. Attention is also drawn to the methods involved In laboratory 
organlzatlon. data processing, qua1 ity control and y ual ~ t y  assurance. Finally, the 
interpretation of results and dissem~natloii of data are discussed in tlie last chapter. 

E.1 L. Sllva 
Head. Dept. of Etlviron~neiital Scleiices 
Institute of Fuiidamental Studles 



GENERAL INTRODUCTION 

Hydrolog~cal cycle IS the cohes~ve I ~ n k  between three major components of tlie earth (1.e. 
biosphere, I  thos sphere arid troposphere). Thus, water constitutes a cont~nuum w~th 
d~fferent stages ranglng from glac~al Ice to rnarllle salt water. Lakes and rlvers are 
cons~dered as atlialassic surface waters smce they are conf~ned to the land mass. In 

a add~t~on, there are several ~ntermed~ate forms of surface water hod~es wh~cli are e~ther 
natural (e.g. estuaries, lagoons. flood plains, waterfalls, streams, brooks, creeks, pool> 
etc. ,) or man-made (e.g. reservoirs, tanks. canals etc. ) 111 orlgln. 

Surface waters e~tlier natural or man-made are essentially solut~ons of clic~n~cals of' 
varlous concentrat~o~is and composltlon. Water also provides Ilvlng liab~tats tor aqudtlc 
organlsms, from mlcro-organisms to marlne mammals. The concentration ot  chemlcal 
constltutents and the populations of aquatlc organisms In natural waters vary depending 
on the type and the locat~on of the water body. In general, chem~cal coilruillrents and 
organlsms found 111 natural clea~i waters are not harmful or detr~mental to tlie organlsms 
as well as human be~ng The nature and the type of constituents rn water exll~b~t the 
qual~ty of water. The qual~ty of the aquatic environment shows te~nporal and spatla1 
varlatlons due to factors Intrinsic and extrlnslc to  tlie water body However. tile clual~ty 
of the water can he changed by man d~rectly or ~nd~rectly by ~ntroduclng rubrrances or 
energy which results In deleter~ous effects on biodlvers~ty, hu~nan healtli and benef~c~ai 
uses 

Nowadays water in general, IS riot clean and therefore, not su~table for human 
consumptton w~thout prlor treatment. S~nce, water 1s be~ng contam~nated w~th human 
wastes, agrochem~cals, heavy metals or non-biodegradable organlc compounds there 1s 
an urgent need for a prlor assessment of surface waters for their phys~cal properties, 
cliem~cal constltutents and b~ological coinmunltles. 

The process of water quality assessment IS an evaluat~o~i of the physical, cliem~cal and 
biological nature of water In relat~on to natural qual~ty. huinan effects and ~ntended uses, 
particularly uses w111cIi may affect liuman healtli and aquatlc b~od~vers~ty. Therefore, 
qual~ty assessment of water prov~des bas~c ~nformat~on on tlie present status of water for 
determ~n~ng trends In qual~ty enabl~ng the establ~sh~nent of regulatory policies and 
~mplementation of lnltlgatory measures. 



CHAPTER 1: ANALYTICAL TECHNIQUES: PRINCIPLES AND PROCEDURES 

All analytrcal techn~ques appl~ed 111 water analys~s are based on the nicawrelncnt 
of a phys~cal, cliem~cal or a b~olog~cal cliaracter~st~c that is specific to tile 
parameter sought for. Tlie quantificat~on procedure of the parameter. at one stage 
or another, depends on measuring the response of an ~nstrument/equip~nent wh~cli 
IS ertlier s~mple or coinplek In funct~on. Hence. a bas~c, yet thorough 
understand~ng of the prlnciplc\ ~nvolved 11.1 analyt~cal teclin~ques recommended tor 
water analyq~s ,\lid InstrumellLatlon appl~ed there~n IS a prerequlslte for a water 
analyst 111 order to pcrtorm 111s task w~th confidence and to generate rel~able a\ 
well as mean~ngt-ul data that exhibit h~gh accuracy and re-produc~b~l~ty. 

Therefore, ~t was dec~ded to furnish In Chapter 1 of th~s manual br~ef notes on 
major anal yt~cal tecliniques ~nvolved 111 water anal ys~s. Tli 15 chapter is d~v~ded  
~nto several sub head~iigs each of wh~cli deals w~th a single analyt~cal technrque 
descr~bing ~ t s  principle, the instrumental des~gn, technical aspects and the general 
exper~mental procedures. Crit~cal po~nts where errors can be ~ntroduced Into 
analys~s are also h~ghl~glited under tlie remarks. 

1.2 Analytical Balance (weighing technique) 

1.2.1 Principle 

There are two types of analytical balances. meclianrcal and electron~c. The 
co~ivent~onal meclian~cal balance conslsts ot a beam suspentled 011 a kn~fe edge 
and two we~gh~ng pans Iiang~ng on to the ends of tlie beam. Tlie we~gl i~~ig is 
based on the phenomenon that the moment of force 011 tlie two sides of the center 
of gravlty are equal at perfect balance. Nor~nally the d~stances between tlie center 
of gravity and the polnts from wh~ch the two pans of the balance are hangliig are 
equal. Thus, the we~glit of an object IS stra~ghtforwardly glven by the total 
we~glit of the standards placed in the other pan to counter balance ~ t .  Tlie 
sens~t~vity of tli~s balances norinally ceases at I mg. 

The more COI~I~IIOII meclianical balance 1s the slngle pan, seml-micro type of 
wli~cli generally has a weighing capaclty of 100-300 g and sensit~v~ty of 0.1 mg. 
In th~s  balance, removable weiglits are attaclierl to the pan side and tlie total 
weight of tlie pan side 1s counter balanced by a standard non-removable we~glit 
f~xed to the other end of the beam. Thus, when an object IS placed on the pan, 
the pan s~de  becomes heavier and 111 order to br~ng tlie balance back to tlie 
prevlous posit~on. some movable we~ghts are removed tro~n tlie pan side. A n y  



remalnlnp ~mbalance IS ~ndlcated on tlie opt~cal scale of the balance. The we~ght 
of tlie object placed 011 tlie pan 15 glven by tlie surn of tlie we~ghts removed, plus 
the read~ng 011 tlie opt~cal scale 

The electro~iic balance operarc? on a Inore complex meclianrsm which 1s based on 
eli.~rro~iiagnetic pr~nc~ple.  Therefore, unlrke ~n meclian~cal balances errors [nay 
occur when weighing mater~als w~tli magnet~c properties. Electron~c balances are 
cal~hratcd at tlie factory so that re-cal~bratlon may be necessary ~f the gravlty 111 

tlie laboratory d~ffers considerably 

1.2.2 Procedure 

Bas~c steps ~nvolved III tlie welgliing procedure of the electron~c analyt~cal 
balances are glven below: 

- Sw~tch on tile balance and allow 5ulhc1ent tune to warm up (usually 15 
~nlnutes). 

- Caltbrate tlie balance with tlie weighing clianiber doors closed. 
- Place tlie container (e.g. we~ghing boat, watcli glass) on tlie pan and close tlie 

doors. 
- Tare tlie container we~glit. 
- F~l l  tlie contarner w~tli tlie substance upto tlie targeted weight, close the door 

and record tlie welglit. 
- Remove the container f~lled w~tli tlie sample and repeat the above three steps 

for the next welglilngs. 
- Turn-off tlie sw~tcli after tlie we~gli~ngs. 

1.2.3. Remarks 

- Locate tlie I~alance at a place where vibration 1s mlnlmum (e.g. on a 
marble or a concrete slab) and is away trom d~rect sunl~ght and large 
temperature tluctuat~ons. 

- Make sure to check whether tlie balance is In levelled posit~on before making 
any ineasurement. If not, level i t  first. 

- Always close the door of tlie we~gliing chamber before welgliing. 
- Never toucli the weigli~ng vessel or the pan w~th  bare lia~ids. Use forceps or 

a piece of good quality tissue to hold tlie vessel. 
- Never put tlie inater~al to be we~glied d~rectly on the we~gliing pan. Always 

use a container (1.e. we~gli~ng boat or watcli glass). 



1.3 Gravinletry 

1.3.1 Definition of Sy~nbols 

Symbol Definition 

A Analyte to be deterin~ned 
P Product (precipitate) formed by the chemical 

reactlon between tlie analyte and tlie reagent 
alp Molar (sto~cli~ometric) ratio between the 

analyte and the product ot tlie chemical reactlon 
Ifd Concentration of the a~ialyte 
W ~ ,  Weight of the producr 
V Sample volunie used ~n tlie analysis 

Mi,  
Molecular weight ot the product 

Unit 

moll-' 

1.3.2 Principle 

In graviiiietry, the analyte of Interest wli~ch is normally dissolved 111 a solvent 15 

converted to a solid product (precip~tate) of kiiown chemical composttlon by 
means of a cliemical reaction. The preclpltate IS then separated quant~tatively 
from the solutlo~l and welglied after dryl~ig Tlie inass (quant~ty) of tlie analyte 
IS calculated by means of tlie welght of the precipiiate and the stoicli~oinetry ot 
the chemical reaction 

For tlie cliem ical reaction, 

1 w~ * - a [A] = - Y - moll v MP P 

1.3.3 General Procedure 

Tlie general procedure of grav~rnetric analysis includes steps given below 
Analyte-specific procedures are glven In tlie analytical procedures (see Chapter 
5 ) .  

- Measure a known volu~ne of tlie sample into a beaker. 
- Add precipitate forming reagent as ~nstructed in tlie relevant analytical 

procedure wli~le mixing the solution. 



- Fllter the sample through a pre-we~ghed filter paper. 
- Rlnse tlie beaker wlth tlie f~ltrate several tlmes and add to the fllter paper. 
- Thoroughly wash the precipitate wltli tlie same solvent as that of the sample, 

to remove ~mpurit~es. 
- Dry tlie preclpltate to a constant weight In an oven malntalned at the 

temperature specified 111 the analytical procedure. 
- Cool the precrpitate In a deslccator to room temperature. 
- Welgh tlie preclpitate by using an analyt~cal balance. 
- Calculate the concentration of tlie analyte using the we~ght of the preclp~tate 

and chem~cal data such as reactlon sto~ch~ometry and molecular we~gl~t  as 
~llustrated In sectlon 1.3.2. 

- To llnprove formation of large crystals which fac~litates easy filtration, add the 
reagent to the sample slowly wltli vlgorous mixing. Also use a large volume 
of the sample for the analysis and maintain the temperature at an elevated level 
during tlie preclpltate format~on step. 

- Keep the precipitate 111 the mother liquor at the elevated temperature (digestion) 
l'or a short period to Improve the purlty of the product and to promote the 
formation of large crystals. However. cool tlie solutioli to the room 
temperature (or to the temperature specified In the procedure) before f~lter~ng. 

- Some gravllnetrlc methods require the ~gnition of tlie preclpltate prlor to 
welgliing In order to ach~eve a reproduc~ble. stable and constant composit~on. 
In such cases, use ashless filter papers for separating the preclpltate from the 
mother liquor. 

- To minllnlze welghirlg errors, always brlng the temperature of the weighlng 
vessels conta~ning tlie preclpitate to rooin temperature In a deslccator before 
weigli~ng. Do not touch the vessel by hand. Instead use a palr of tongs or 
forceps. While we~ghing, keep the glass doors of the analytical balance closed. 

1.4.1 Definition of Symbols 

Symbol Definition Unit 

MA Molarity of analyte ( A )  mol I- '  
MI Molar~ty of tltraut (T) moll-' 
a/t Stolch~olnetr~c (molar) ratlo between A and T - - 
v A Volume of the analyte sample used III the tltratlon 1 



VI Volume of the titrant used in the t~tratlon 

1.4.2 Principle 

Volumetry involves ~ncremental addition of a reagent of known concentration to 
a fixed volume of a sample conta~n~ng the analyte of interest ullt11 the reaction 
between the a~ialyte and the reagent 1s complete. The completeness ot the 

1 

reactlon 1s determ~ned by an abrupt change in  the colour of a third compound 
(~ndlcator) added to the t~trat~on vessel at the begillnrrlg of the tltratlon (note: 
other physical properties such as the chem~cal potentral of solution can be used 
for the detection of the end polnt). As the iud~cator also has to react wlth the 
titrant to cause the change In pliyslcal property, the titration end poir~t always 
surpasses the equrvale~lt point causlng a sl lght error 111 the readlng (titration 
error). 

I11 most of the instances, the tmtratlon error call be est~mated by conduct~ng a 
blank titratlon. Normally the estimated error IS subtracted from sample titration 
data to improve the accuracy of the results. The quaiitlty of the analyte in  the 
sample IS calculated usll~g the titrant and sample volumes. lnolarity of the tltrant 
and the stoichlometry of the cl~emical reactlon pertallling to the tltration. 

e.g. for the general reactroil. 
aA + tT * products 
Moles of T at end po111t = MIVl 
Moles of A at end point = MAVA 

1.4.3 General Procedure 

The tnaiii steps ~nvolved in volu~netrlc analys~s are given below. Speciflc 
procedures may vary depend~ng on the nature of chemical reaction between the 
analyte and the tltrant and the physlcal property ut~lized for the detection of the 
end po111t. The analyst 1s therefore, requested to be familiar wlth the procedure 
that he intends to follow prlor to analysi\. 



- Prepare a standard solution of the tltrant by dissolvrng an accurate weight (use 
analyt~cal balance for we~ghrng) of a prlrnary standard In a known quantlty of 
dlstilled water. If the tltrant IS not a prrmary standard, standardize the solution 
against a prllnary standard. 

- Rinse a clean burette wlth the tltrant three times and fill it upto the top. 
- Open the stopcock and remove all the alr bubbles 
- Take tlie ~nitial reading to two deci~nal polnts (second decimal IS your own 

estimate). 
- Rlnse a clean plpette with slnall portlons of the salnple three tllnes and pipette 

a flxed volulne of sample into a clean Erlenmeyer flask. 
- Add few drops of the appropriate ~ndlcator to the flask and tltrate with the 

reagent while swirlrng tlie flask. 
- Wash down tlie walls of the flask wit11 d~stllled water occas~o~ially durlllg the 

ti tratlon. 
- When tlie end pollit approaches, add slnall Increments from the burette u n t ~ l  the 

slrghtest but tlie permanent change In colour results. 
- Note down tlie final burette readlng. 
- Repeat tlie experiment at least twice and calculate tlie average analyte 

concentration uslng the equation given In section 1.4.2 

1.4.4 Remarks 

- Never rinse Erlenmeyer flask w~th tlie reagent or the sample to be p~petted In. 
- Add only the recolnlnended volulne of the indicator to inlnlinlze tltration error. 
- Never try to brlng llqu~d level of the burette down so as to colncrde with a Ilne 

of the burette as ~t IS a useless and curnbersome endeavor. 
- Never wash down the burette tip to the tlask w~th dlstilled water. If there is 

a small droplet hanglng onto the tlp, dellver it Into the flask by touching the tlp 
on the inner wall of the flask arid rrnsrng down the wall with d~strlled water 

- Always tun a blank tltratlon to rrnprove tlie accuracy of tltratlon. 

1.5 Potention~etry for pH Measurements 

1.5.1 Definition of Symbols 

Syn~bol Definition 

[all+ 1 Hydrogen Ion concentrat~on of the sample 
pH pH = -logIa,,+l 
Ecell Cell potential - potentla1 difference across 

the H +  sens~tive (glass) membrane 

Unit 

moll-' 
- 

v 



C Constant V 

1.5.2 Principle 

p H  1s a measure of hydrogen 1011 activity (however, exact activlty cannot be 
measured due to ~nterference of liqurd junction potential). Wlieli a pH electrode 
IS im~nersed In a solution, a potentla1 difference is bu~lt up across the glass 1 

meinbra~ie due to difference in  Iiydrogen 1011 actlvltles of the ~nternal and the 
external solutio~is Th~s  potentla1 difference 1s measured by two reference 
electrodes ~ininersed in the two solut~ons and is related to hydrogen Ion actlv~ty 
of the external solut~oii (sample) as follows: 

1 S . 3  Instrument Design 

Basic components of a pH measuring system (1.e. pH meter) is given in Figure 
I .  I .  Tlie functions of these components are as follows: 

pH electrode (combination type): Tlie comb~nat~oii pH electrode co~lsists of two 
components. 

a. A glass membrane (bulb) sensitive to liydrogeii Ion which is f~lled 
w~th a standard liydrogeii Ion solutiol~ (e.g. 0.1 M HCI) and 
consist~i~g of a s~lver wire ~ininersed In ~t as the ~nternal reference 
electrode. 

b. An external reference electrode (e. g. AgIAgCI electrode) fixed as 
tlie outer csnipartment of the electrode body whlcli is connected to 
tlie external (sample) solutioii through a l~quid junction (a 
membrane that perlnlts tlie ~novemeiits of 1011s). 
(NB: In older models, pH (glass) electrode and reference electrode 
are found as two separate un~ts). 

Potentiometer (pH meter): This unit  measures the potentla1 d~fference across the 
glass membrane by means of Internal and external reference electrodes. converts 
~t ~nto pH. It also cons~sts of components needed for the calibration of the 
~~lstrulne~lt (1.e. STANDBY, READ, CAL (cal~bration) and SLOPE knobs). 

Stirrer: Stirr~ng the sample solutlon llnproves the accuracy and tlie preclslon of 
pH measurement Normally a separate magnetlc stirrer IS used for this purpose 



PH METE w 
AgCl PLATED Ag WlRE 

AIR INLET 

KC1 SOLUTION SATURATED 

WlTH AgCl 

Ag WlRE 

LIQUID JUNCTION 

0 I M HCI SATURATED 

WlTH AgCl 

STIRRING BAR 

1 -- STIRRER 

Figure 1.1 Schematic d~agraln of a pH measuring system 

1.5.4 Calibration 

The general procedure for cal~bratton and sample pH measurement is given 
below. The analyst is, however, adv~sed to refer the instruction manual of the 
pH lneter at 111s disposal as speciflc procedure may vary depending on the make 
and the model. 

- Check the fil1111g solution level of the pH electrode (combination type) and if 
the level 1s low, f ~ l l  In w~th the fil111ig solut~oti. If there are air bubbles insrde, 
shake tlie electrode to remove them. 

- Connect tlie pH electrode to the lneter and remove the filling hole cap. 



- Rinse the electrode w~th d~stilled water and shake off excess water. Blot the 
electrode dry w~th a t i w e  Do not rub or wipe the electrode with any other 
rnater~al. 

- Immerse the electrode i n  pH 7 buffer wli~le stlrrlng the solut~on and turn the 
meter to READ posltlon 

- Select temperature mode and meawe the temperature of the buffer us~ng bu~lt 
111 temperature probe ( ~ t  ava~lable) or measure i t  rnanually usliig a thermometer. 
Otlierw~se turn the pH meter to STANDBY pos~t~oii. 

- Switch to pH mode. 
- Turn the meter to READ posltlon and Walt tor a stable read~ng. 
- If the display value ts d~fferent from the standard pH value for the measured 

temperature, adjust the reading w~th the CAL knob. 
- Turn the meter back to STANDBY pos~tion. 
- Remove the electrode, rmse ~t w~th dtstilled water and blot dry. 
- Place the electrode 111 pH 4 buffer and stir the solution 
- Turn to READ pos~tioii and wait for a stable read~ng. Adjust the reading to  

the pH value correspond~ng to the measured temperature using SLOPE 
knob. 

- Turn to STANDBY position. rlrise the electrode w~th d~stilled water and blot 
dry. 

- Place the electrode in pH 9 buffer and stir the solut~on. 
- Turn to READ posltlon and wait for a stable read~ng. If the pH reading 1s not 

between 8.9 and 9.1 the electrode requlres cleaning in accordance with the 
procedure glven 111 section 2.3. 

- Place the electrode in the sample, turn to READ posit~oi~ of the meter and wait 
for a stable read~ng wli~le stlrrlng the sample. 

- Record the pH and turn to STANDBY for the next measurement. 
- After use, rlnse the electrode w~th d~st~lled water. blot dry and store i t  111 

electrode storage solution or pH 7 buffer 

1.5.5 Remarks 

- pH measurement 1s sensitive to changes In temperature. Therefore, cal~brat~on 
buffers and the samples should be at the same temperature. If they are 
d~fferent, use temperature coinpensat~on (as descr~bed In your manual) to 
rninlmize error in the reading. 

- If the slope falls below about 90% dur~ng the calibration step or the ineter 
read~ngs In pH buffers drift w~th tlme, the electrode may have become 
contaminated. Then follow the cleaning procedure glven In the section 2.3.1. 

- Standard buffer solut~ons should be selected so that the range of the pH values 
expected In the samples is covered. 



1.6 UVIVisible Spectrophotometry 

1.6.1 Definition of Symbols 

Symbol Definition Unit 

Po Radiant power (incldeut) - energy of radiation 
i~nplng~ilg on one cm'of the sample erg cin' 

P Radiant power (transm~tted) - energy of radiat~on 
transmitted from one cm' of the sample erg cm' 

A Absorbance (A = log PoIP) -- 

rr Transmittance (T = PIPo) -- 

b Path length (distance radiation travels through cm 
solution) 

c Concentration of the radiation 
absorbing molecule moll-' 

C Molar absorptlvlty (C = Albc) mol-'I cm-' 

1.6.2 Principle 

When ultra v~oletlv~s~ble radlatlon travels through a solution, the power of 
incldent radiation inay be attenuated from P,, to P as a result of absorption by 
molecular species. The attenuation of rad~at~on, expressed in terms of absorbance 
1s dlrectly proport~olial to the path length (b) and the concentration of llght 
absorb~ng molecule (c). Mathematically, it 1s expressed as 

A = Cbc 
Where, C is molar absorptivity which is a constant for a part~cular analyte species 
at a given wavelength. Tills relationsh~p 1s known as Beer's law. At constant 
path length (b), absorbance holds a linear relat~onsl~ip w~th the analyte 
concentration ( 6 ) .  

Thus, A = Cbc = Kc 
where, K = Cb = constant 

UVIVis~ble spectrophotolnetry is based on th~s  fundamental relat~onship. 

1.6.3 Instrument Design * 

Figure 1.2 deplcts a s~ngle beam uv/visible spectrophotometer. The functions of 
the basic components of the instrument are as follows: 

Radiation source: Generates uv/visible radiation by two sources 
( I )  deuter~um lamp - uv range (190 - 350 nm) 



(ii) tungsten lamp - v~s~ble  range (350 - 850 nm) 

r 

Figure 1.2 Schematic d~agrarn of a s~ngle beam uv/vrsible spectrophotorneter 

L - - -  - -  - - - -  
I, -- - 

- - -  - - -  - - -  
- - -  - - -  - - -  - - .  

RADIATION SOURCE MONOCHROMATOR - - - -  - - - -  
- - - - -  - 

Monochromator: Selects the wavelength of interest by means of a 
complex optical system. 

Cell: Holds the standard or the sample of lilterest for absorpt~on 
measurement. There are two types of cells (cuvettes) used In analysis 
depending on the wavele~lgth. 

( I )  quartz or fused s111ca cell:for ultrav~olet region (below 350 nm) 
( i ~ )  s~l~cate  glass or plast~c cell: for vislble region (above 350 nm) 

* 6 

CELL 

I 
L - 

Detector: Consists of a photocell system to measure the power of the 
radiation transmitted through the standard/sample. 

MeterIRecorder: Displays the reading in analogue or dig~tal form and 
records it ( ~ f  recorder is ava~lable). 

DETECTOR METER / RECORDER 

t 

1.6.4 Calibration 

.i 

Basic steps involved In the calibrat101-1 of uv/vlslble spectrophotometer are given 
below. However, it is a requ~rement to read the manual of the lnstrulnent at your 
disposal before colnmencing measurements as callbrati011 procedure inay vary 
depending 011 the make and the model. 

- Switch on the Instrument and allow sufficient tline (which is usually indicated 
in the manual, if not, 15-30 tn~nutes) for warm up of optlcal and electron~c 
systems. 

- Select the des~red wavelength (wh~ch 1s given in the analytical procedure of 



rnterest). At this polnt, you ]nay have to swrtch to the relevant radiation source 
manually. 

- F~ll  up the cuvette with the blank solut~on upto 1 cm from the top, wipe the 
transparent surfaces w~th a soft tissue and insert in the cell compartment such 
that the light passes through transparent surfaces (caution: make sure to hold 
the cuvette by coarse surfaces only). 

- Close the sample chamber lid and adjust absorbance to zero. 
- Insert the cuvette(s) contaming the standard(s) and record absorbances. 
- Construct a calibration graph by plottlng concentratron of the standards agalnst 

absorbance. 
- Measure absorbance of the sample and calculate the analyte concentration from 

the graph. 

1.6.5 Remarks 

- The Beer's law is valrd only for dllute solutions. Therefore, you must always 
prepare a calibration graph coverlng the concentratron range of Interest to 
verrfy the Ilnearity. 

- Spectrophoto~iietr~c readrng rnay vary wlth tune due to electronic drlft. To 
ensure accuracy ru measurements, tew polnts of the callbration graph should 
be re-checked occas~onally durrng the a~lalysls of samples. If there 1s a 
srgn~ficant dev~atlon, cal~bration graph sliould be corrected accordingly. 

1.7 Atomic Absorption Spectrophotometry 

1.7. I1 Definitiotl of Symbols 

As of uv/v~s~ble spectrophotolnetry (Sect1011 1.6.1). 

A solution contariiing the analyte of Interest 1s asp~rated Into a flame where the 
analyte absorbs rncldent rad~at~on after atonnlzatlon The attenuation ut the 
radrant power of incident rad~atlon obeys Beer's law as described rn Sectlon 
1.6.' 

1.e. A = C bc 
At constant path length A = Kc 

where. K = constant 
c = concentratlon 



1.7.3 Instrument Design 

SUPPLY RADIATION SOURCE MONOCHROMATOR PHOTOMULTIPLIER/ READOUT 
BURNER/I\EBULIZER AMPLIFIER 

Figure 1.3 Schematic diagram of a s~ngle beam atolnlc absorption spectrophotometer 
(AAS) 

Flgure 1 3 deplcts basic components of a srngle beain (flame) atolnlc absorpt~on 
spectropliotometer. Tlie functions of the main components are as follows. 

Pulsed Power Supply- The power supply provtdes a h~gli voltage to the 
radiation source ~n a part~cular pulse form. 

Radiation Source: Widely used rad~at~on source IS hollow cathode lamp wliich 
consists of a catliode made of the element of Interest and an anode made of 
tungsten. Pulsed power supply ionizes the filler gas and the posltlve 1011s formed 
dur~ng tlie process bombards on tlie cathode. Th~s  process generates a vapour of 
exc~ted atoms of the element iiislde the lamp. Dur~ng de-excitat~on of the atoms, 
a radiat~on character~stlc of the element sf Interest IS emitted. T h ~ s  radiat~on 
follows the same pulse pattern as of the power supply 

NebulizerIBurner : Nebul~zer converts a lrquid sample Into fine aerosol and 
aspirates i t  into the flame ttirougli tlie burner Generally, pre-m~xed type burners 
are used where aerosols are m~xed wlth the fuel and the oxidant gases flrst and 
only the flne droplets are allowed lo enter the tlaine through tlie burner slot. I n  
tlie flame, ~nolecular specles are vapor~zed and dlssoclated Into elements Part 
of the result~ng atoms then gets exc~ted by absorpt~on of rad~at~on recelvlng from 
the hollow cathode lamp of tlie same element. Tlie atolnlzatloli efficiency of a 
compound aspirated Into tlie tlaiiie and therefore, tlie sensltlvlty of lneasurelnent 
depends 011 the temperature of the tlame Various fuel/oxidant combi~iatioiis used 
tn AAS to acliieve a range of temperatures are shown below. 



Fuel gas Oxidant Flame r ti.1 p . 

Hydrogen Compressed air 2000 - 2 100 
Acetylene Compressed alr 2100 - 2400 
Hydrogen Oxygen 2550 - 2700 
Acetylene N~trous ox~de 2600 - 2800 
Acetylene Oxygen 3050 - 3 150 ' 

Alternatively, electrothermal atomizers (graph~te furnaces) can be used to lrnprove 
the sensrtivity of measurement. 

Monochromator : Selects the wavelength charactenstic to the element of Interest 
and ensures that the photomultigller recelves only the radiat~on correspond~ng to 
that part~cular wavelength. 

Photo-multiplier/An~plifier- Photo-mult~pller converts the optical s~gnal into an 
electr~cal current. The a~nplif~er enhances the current to a measurable level. The 
photo-mult~pl~er 1s tuned to the pul5e pattern generated by the power supply In 
order to d~st~ngu~sh between the radiat~on em~tted from the hollow cathode lamp 
and that generated dur~ng de-exc~tat~on of the element In the flame. 

Readout: Ind~cates the magn~tude of the signal numer~cally either as a d~rect 
readlng or as a printout, if a prlnter is ava~lable. 

1.7.4 Calibration 

The general operational procedure for calibrating AAS 1s summarized below. 
However, there may be model-spec~fic differences in operat~onal procedures of 
(1 ~t ferent instruments. Therefore, you are adv~sed to be conversant w~th the 
operat lo11 of your lnstruinent by caretully read~ng the manual before attempting 
,Inv measurement. 

A~rIAcetylene Flame 
- Make sure that the right burner head (1.e. airlacetylene) is ~nstalled, if 

not change the burner head. 
- Make sure that the waste water tube IS not folded or blocked and ~ t s  end 

IS submerged In water ~ n s ~ d e  the plastic waste bottle. 
- Load the hollow cathode lamp of Interest Into the turret of the 

~nstrument. 
- Swltch on the Instrument and allow suff~c~ent time for warm up of 

electron~c and opt~cal systems as spec~fied in the manual, ~f not, 15 to 



30 mlnutes. 
- Set the lamp current and the sllt w~dth corresponding to tlie element of 

Interest 
- Set the wavelength of the element of Interest and optlmize wavelength 

settlng and lamp al~gnment 
- Turn on the fan of the exhaust system. 
- Open tlie gas flow of alr and acetylene cyl~nders and ad-just the des~red 

gas flow rate of the Instruinent us~ng tlow meters (if cornpressed alr 15 
used as ox~dant, turn on the alr compressor and allow suff~c~ent  tlme to 
build up adequate pressure) 

- lgnlte the flame and coiitlnue asp~rat~iig d~st~lled water. 
- Select absorbance mode 
- Set desired background correction. 
- Asp~rate the standard w~th  the highest concentratloll and optiinlze 

absorbance readlng by making burner adjustment. 
- Asplrate the reagent blanl< and set zero absorbance. 
- Asplrate standards and record absorbances. 
- Construct a cal~brat~on curve by plotting absorbance agalnst 

concentration. 
- Asplrate samples and record absorbances. 
- Calculate analyte concentratlolls us~ng the caltbrat~oii curve 
- After use, aspirate distilled water for few m~nutes 
- Ext~iigu~sh the flame by closing tlie fuel toggle 
- Close tlie fuel regulator at tlie cytlnder and open the l'uel toggle of the 

instrument to bleed the fuel gas completely and then shut ~t otf 
- Turn-off the air compressor (or cyl~nder). 
- Turn-off the AAS and the exhaust tan 

N~trous OxtdeIAcetylene Flame 
- install nitrous ox~de/acetylene burner head. 
- Perform the first nine steps ot wctlon 1 7 4 
- Ope11 nltrous oxide gas t l n ~  at the cyl~nder and adjust tlie deslred gas 

tlow rate us~ng flow merer 
- After burner head IS warmed up for few mlnutes and tf the flame is 

even, push the nltrous ox~de button to change the oxtdant from alr to 
nltrous oxrde. 

- Pf necessary. malte ln~nor adjustnmentc to the flame by changing gas flow 
rates. 

- Perform analytical measurelnenrs tollow~ng the next nlne steps ot 
sectron 1.7.4. 

- Sw~tch nltrous oxide gas flow back to air. 



- Ext~ngu~sli the flame by clos~lig acetyle~ie valve 
- After closing acetylene and nltrous ox~de regulators, open acetylene 

valve of the AAS untll tlie fuel 1s dralned off and then close it. 
- Turn-off alr colnpressor (or cyl~nder). 
- Turn-off the AAS and tlie exhaust fan. 

- Beer's law IS val~d only tor low concentratlolls Therefore. the calibration 
curve sliould cover the concentratlon range of Interest to verify the linearity. 

- To ensure the accuracy of ineasurements, the dr~ft  of tlie Instrument must be 
checked by re-anal yz~ng a few standards occas~onall y dur~ng the anal ys~s of 
samples. If there is a sign~f~cant deviat~on in the read~ngs, calibrat~on curve 
should be corrected accord~ngl y . 

- Always be on alert about gas leaks (some models have bu~lt 111 gas leak 
check~ng fac~lit~es). 

- Always mainta~n waste water level above tlie end of the waste water tube to 
avo~d acc~de~ital fires. 

- Make sure all gas suppl~es are closed wlien tlie Instrument IS not I I I  use 
- Always keep tlie exhaust system operating while tlie tlalne IS on 
- Replace acetylene cyl~~ider when the pressure drops below 5.26 kgcm-' (75 PSI) 

- Keep tlie area vent~lated where AAS 1s installed and the gas cylinders (specially 
nitrous ox~de) are stored 

- Keep the gas l~nes free of oil to avo~d spontaneous combust~on or cuplo\~oi: 
- When be~ng used. lieat tlie nltrous ox~de pressure regulator to avo~d frec~illg 
- When tlie AAS flame is on, always keep the burner compartriient door clowcl 

(otherwise wear t~nted safety glasses). 
- Do not use acetylene/~i~trous oxlde flame for the elements wh~cll arc best 

determined by acetylenelair flame. 
- I f  organic solvents are aspirated, d~scard tlie waste solvent collected in the 

bottle lmmed~ately after analys~s. 

1.8 Microbiological Characteristics 

1.8.11 Introduction 

Clean water IS not a su~table substrate for the growtli of mlcro-organisms The 
~n~crob~al  growth In water can be zggravated when water 1s conram~nated w~t l i  
organrc matter as it prov~des food for the microbes Waste water usually contalns 
a h~gh level of mlcro-organisms (some of them are pathogenic) and these 
~n~crobes call flnd therr way Into surface and ground water. Therefore. care 



should be taken to inake dr~nk~ng water free of pathogenic m~crobes. 

M~crobiological aiialys~s IS used to determine tlie diversity and density of 
microbes ava~lable In natural and waste waters. In general, such analys~s ~iicludes 
determln~ng the total number of rn~crobes capable of mult~plying (total colony 
count) as well as detect~ng specla1 classes of' microbes which indlcate the source 
of pollution (e-g. faecal pollut~on) and the micro biological character~stlcs of the 
micro-organisms (e.g. pathogenic). However, types of micro-organ~sms that can 
be found 111 natural and waste waters are given In Table 1.1. 

Table 1 .1  Types of micro-organ~sms that can be found in natural and waste waters 

Bacteria 
Viruses 
Yeasts 
Moulds 
Algae 
Protozoa 

Status 

coinrnon 
rare 
rare 
rare 
common 
common 

Bacter~a are the most important micro-organ~sms i n  water microbiology. 
Eventhough, colisiderably smaller In slze than bacter~a, the viruses are slgn~ficant 
as far as tlie waste waters and surface waters are concerned because, they may 
be present to a more or less numerous extent. Analysis of water for vlruses 1s 
time consuming and often troublesome and complicated. Therefore. 
determination of vlruses are not carried out in the usual microb~ological analys~s 
Yeasts and moulds are not very common 111 surface water and ~f present. they 
only play a subord~nate role In surface water rn~crobiology. They are frequently 
detected together w~th bacteria when analys~s is carr~ed out wlth culture med~a. 
Algae can also be considered as a group of mlcrobes living In water. However, 
tlie~r d~versity and dens~ty call easlly be detected under l~ght microscopes. The 
same applies to tho unicellular animals known as protozoa. Bacteria are bearly 
visible under an optical microscope with thousand fold magnification especially 
when the cells have been stained by a suitable method. 

1.8.2 General Requirements for Microbiological Work 

- Aiialys~s of pathogenic mlcrobes must be carried out only by experts hav~ng 
appropriate specla1 knowledge, observing the necessary precautions. 

- Analysis of non-pathogenic microbes also requires trained personnel and 



facillt~es that are dedicated for microbiological work. 
- Glassware and equipment [nust be carefully cleaned and sterilized each tlme 

before they are used. 
- All apparatus must be mechan~cally cleaned uslng cleanlng agents, rtnslng first 

w~tli clean tap water, then with 1 '% hydrochloric ac~d and flnally with distilled 
or dem~ueralized water. Glassware and equlplnent must be autoclaved at 120 

"C for 30 mlnutes before tlie cleanlng process to avo~d ~nfectlon In the process 
of wasli~ng and rlnsing. 

- After cleaning. the apparatus and glassware must be f~rst  dried, then steril~zed 
for 2 hours at 180-200 ('C ~n a hot alr ster~l~zer. 

- Culture lnedla and culture solut~on must be sterll~zed wlth a superheated steam 
in an autoclave at 12 1 ('C for 20-30 mlnutes at Ips]. 

- Secondary infections or teclin~cal errors 111 ~ampling can falslfy tlie accuracy 
of the ~n~crobiologlcal Investlgatlon. Therefore ~t 1s Important that the sampling 
be carrled out prec~sely. 

1.8.3 Direct Method of Colrnting Micro-organisms 

A countlng cliainber can be used to determine tlie number of bacterla In water. 
In such a chamber. the number of bacterral cells In a known small quantlty of 
water (e.g. a cube w~tli 0.001 mmj) can be counted under a light ~nicroscope 
Each bacterial cell determrned in such a cube (0.1 x 0 1 x 0.1 mm3) represents 
10' nilcrobes In 1 1n1 Thus. it  is unlikely to arrive at reasonable estlrnate of 
~n~crobes by th~s metliod ~f the ~n~crobial co~iteiit IS not very liigli In the cube 
D~rect coutitlng can also be performed by filtering a known volume of water 
through a grided membrane fllter paper (pore size 0.2 pm). The bacterla are 
dyed on the f~lter w~th appropriate dyes, the fllter paper is lllum~nated and tlie 
couiit~ng of ~nrcrobes can be performed by uslng a I lght microscope. This method 
certa~rlly allows tlie low levels of bacteria when large quaritltles of water to be 
concentrated However, tlie accuracy of this method 1s very low and it  IS also 
~~nposs~ble to differentiate l~ve and dead bacterla. In  general, dlrect methods of 
countlng bacterla are not elnployed In ~nicroblolog~cal analysis of water. 

1.8.4 Indirect Methods of Counting Micro-organisms 

Indirect methods of countlng lnlcrobes are usually practiced in ln~crob lolog~cal 
analys~s of water. I i i  these methods. a known volu~ne of water is added to a 
ster~le culture ~nedluln wh~ch 1s then incubated under recommended conditions. 
After the incubation period, the colonles wlirch have been formed are counted 
us11ig a colony counter. It is assumed that each colony 1s a multiplication of a 
qlngle I~ving cell. The colony forinlng bacter~al unit is either an indtvidual cell 



or a small accu~nulat~on of cells tliat was present In tlie water prlor to the 
~ticubat~ori per~od. 

Standard value : In the case of d~s~nfected dr~~ikrng water. tlie maxlmum 
acceptable colony number sllould he 10 per 100 nil after the complet~o~i  of the 
treatment process. 

D r ~ n h ~ n g  water must not contain I ~ v ~ n g  patliogen~c bacter~a such as Srllr~ao~lelll, 
Shigelln. Clzolern vibrio and other organlslns capable of causlng eptdemics. The 
pathogenrc bacteria are known as ~nd~cator  m~crobes and can hardly be detected 
111 nor~nal cultures. The most Important ~nd~cator  m~crobes are the ~ntest~nal 
bacter~a and the presence of these bacterra III surface water IS all ~ndrcation ot 
faecal conta~n~nat~oi i .  The microbes generally ~ n d  ~catrve of faecal contamlnatlon 
111 water are Escherirhln roll (E coli). Fnecnl sireptotoccr and sulph~te reduc~ng, 
anaerobic, spore-form~ng organlsliis The col~form bacter~a and Pserio'or~lorinr 
aerugit~osn are used as ~nd~cator  organrsms to determ 111e whetlier water 1s 
contam~nated to a liyg~en~cally s~gnif~cant degree 

S~nce  E. coli call only l ~ v e  for a short tll-ne 111 water, occurrence of t h ~ s  ~ n ~ c r o b e  
In water ~nd~cates  relat~vely tresh faecal contalnlnatlon. Thus, when E. colr 1s 
present In water. one can assume the presence of other patliogen~c bacter~a (e. g. 
Salrnonelin, Sl~lgelln and Cllolern tl~hrro) ar well. E. roll can eas~ly be coloured 
on med~a and be tdent~fied eas~ly by chech~ng ~ t s  b~ocl ie~n~cal  character~st~cs It 
$hould be noted tliat tlie E. roll by rtself 15 n o t  pathogen~c 

Standard value : Yn dr~~ik ing  water. E coli number must be zero per 11nl of 
water. 

Coliform bacter~a wh~ch belong to tlie f a ~ n ~ l y  enterobacter~a have tlie a b ~ l ~ t y  to 
ferment lactose form~ng gas and a c ~ d  Several types of col~form bacter~a (e.g 
Etlterobocier, Klebsielln and C~trohnctor) are frequently found In surface water 
contam~nated wrth waste. They can also ~nul  t~ply outs~de tlie ~ntest~nal tract and 
are ~nd~cator  organisms for l iyg~en~c  s ~ g n ~ f ~ c a n c e  ot water qual~ty 

Staudard value : Colrfor~n bacter~a must not be detectable In d r ~ ~ i k ~ n g  water. 



1.8.6 Sampling 

Generally containers used In tlie sa~npl~ng of water for ln~crob~olog~cal analysts 
are ster~le, glass-stoppered bottles (250-500 ml) wrapped In alumlnum fo~ls 
Bottles used for sampl~ng clilorlnated water must be treated wlth sodturn 
thiosulfate before ster~l~zat~on (for 250 ml bottle add 0 25 ml of 0.01 M sodrum 
th~orulfkte). The sample sllould be taken from approximately 30 cm below tlie 
surface. If no sampling devlce IS available. a sample can be taken by immersing 
tlie sample bottle (after relnovlng the alum~num foll) In water by means of a 
sterilized cruc~ble tongs and slowly rnovrng the bottle through tlie water 
approxllnately 20 to 30 cni below tlie water surface wltli tlie openlng pomtlng 
diagonally upwards. Any contamlnatron due to handling dur~ng th~s stage sliould 
be avolded After f~lllng, the bottle should be sealed lrnrnedtately and the bottle 
neck should be protected w~tli the alum~num fo~l .  

1 23.7 Transportation and Storage 

Sample bottles should be transported 111 Insulated boxes wlthout exposlng to direct 
sunlight. Sarnples sliould be processed ~~n~ned~ate ly  after arrival at the laboratory 
if this 1s not posstble In exceptronal circumstances, the sample should be stored 
at 3 "C. However, the perrod of storage should not exceed 24 hours If  the tllne 
~nterval between sampl~ng and Investlgatlon 1s long, tlie bacter~ologlcal tests w~ll 
have to be carrled out In situ. 

1.8.8 Metl~ods for the Detection and Enumeration of Micro-organisms 

As tlie number ot ind~cator organisms In water may be very small, d~rect 
rnoculation on sol~d media 1s not practicable and other methods must be used by 
wh~cli large volulnes can be exam~ned and by wli~ch the number of lnlcrobes 111 

100 ml of the sample can be est~mated. 
Methods wh ~ c h  are commonly used: 

I. Pour Plate Culture (Colony Count) 
7 . Wlultlple Test Tube (Most Probable Number: MPN) 
3. Me~nbra~ie F~l~ratlon 

These teclin~ques can be used to detect and enumerate each Indicator organrsm, 
however, the medla and the ~ncubat~on cond~tlons dlffer~ng according to tlie 
organlsm sought: 

I .  Pour Plate Culture (Colony Count) 
The usual method of countlng heterotropli~c bacterla 111 water IS by pour- 
plate rnetliod wltli Yeast-Extract Agar. Separate counts are made of those 



aerobic mesoph~lic mlcro-organisms w111ch form visible colon~es in this 
medium after 24 hours ~ncubat~on at 37 ('C and of those whlcli form 
colonles after three days at 20-22 "C. Tlie most useful applicat~on of the 
colony count 1s to detect change, especially sudden change in the 
in~crob~al content of certaln waters. 

2. Multiple Test Tube Method (Most Probable Number: MPN) 
I11 tlie multiple test tube method of countlng bacter~a. measured volumes 
of water or of one or more dilut~ons are added to a series of tubes 
coiitaiii~ng a l~quid deferential inediuln. I t  IS assumed that on incubation, 
each tube which received one or more test micro-organlsins In tlie 
inoculuin w~ll show growth and tlie characteristic change produced by the 
~nlcro-organisms sought when growlng In tlie medium used. Provided that 
negatlve results occur In some of tlie tubes, the Most Probable Nuinber 
(MPN)  of micro-organ~sins In 100 inl of the sample call be estimated from 
the number and d~stribution of tubes showing a pos~tive react~oii. 
Confirmat~on that posltlve reactlons are due to the growth of the spec~f~c 
~iid~cator micro-organlsin sought can be obta~ned by subculture to tubes of 
confirmatory media, some of wl~icli need to be incubated at a h~gher 
temperature. Posit~ve reactlons in the confirmatory tests yield further 
~nforination about tlie type of organlsms present. The presuiiipt~ve and 
conf~r~ned counts are calculated by reference to probability tables. 

Membrane Filtration Method 
I n  this technique, a measured voluine of tlie water ?ample 19 flltered 
through a lnelnbralie composed of cellulose esters The pore-sue is such 
that the micro-organ~sins to be enumerated are retained on tlie surface of 
the membrane whlch is tlieii placed. (normally face-upwards) on a 
drfferent~al medlu~n selective for the ind~cator inlcro-organism sought 
This may be either an agar med~uin or an absorbent pad saturated w~th 
broth. On ~ncubat~on at a selected temperature for a glveii tlme, ~t 1s 
assumed that the lndrcator mlcro-organisms. retained by tlie membrane 
w~ll  form colon~es of cliaracter~st~c morphology and colour depending on 
the medium used Tlie other mrcro-orgaii~sms are either lnh~bited or can 
be dist~ngu~slied by tlielr colonlal appearance. Tlie colonies of the inlcro- 
organlsms sougllt are counted and the result is expressed as the number 
per 100 ml of the sample 



CHAPTER 2: USER MAINTENANCE: BASIC LABORATORYWARE 

2.1 Introduction 

Analytical instruments require constant attention of the user for them to functlon 
properly. Therefore, the lnstructlon manual of any instrument contains a sectlon 
on user malntenance. Proper care of instruments not only Improve the sens~tivity. 
accuracy and the reliabll~ty of the readings obtalned by the instrument but also 
prolong the~r life tlme avoldlng unnecessary expenses on new equipment. 

This chapter describes, in general, the user maintenance procedures pertalnlng to 
the analytical Instruments used In the water testing methods presented In this 
laboratory manual. The user IS, however. strongly advised to read the relevant 
chapter in the Instruction manual of the Instrument before attempting any 
malntenance work. Also, note that maintenance of certain components of the 
instrument can be done only by the manufacturer or by an Instrument speclalist. 
The Instruction manuals usually specify such components. Do not try any 
maintenance work of those parts. 

I 

2.2 Analytical Balance 

- Whenever necessary, clean the weighing pan and the hous~ng of the balance 
w~th some soapy water. W~pe out moisture completely wlth a clean and dry 
cloth. 

- To remove any dust particles from the we~gl~ing chamber use a small artlst's 
brush. Never blow alr through the chamber 

2.3 pH Electrode and Meter 
I 

Inspect the pH electrode regularly for scratches, cracks, salt crystal bu~ld ups or 
other vlslble depos~ts. If there are cracks or scratches replace the electrode. To 
remove salt or other deposits, follow the procedures given i1-r sectlons 2.3.1 to 
2.3.5. After clean~ng the pH (comblnat~on type) electrode, remember to: 

- dram the reference electrode solutlon, flush the chamber with new 
f~lling solutlon and refill. 

- soak the electrode In storage solution for at least two hours. 
- re-cal~brate the electrode. 

2.3.1 General Cleaning of the Electrode 

- Soak the electrode In 0.1 M HCI or 0. I M HNO, for half an hour and rinse 



with distilled water. 
- If unsuccessful, soalc the electrode In a 1 10 dllutlon of household laundry 

bleach 111 a 0.1-0.575 ltqutd detergent solutton prepared 111 hot water Stir 
vigorously for 15 mlnutes. Rrnse the electrode wrth distilled water 

2.3.2 Protein Removal 

- Soak the electrode In 1 % pep5111 in 0. I M HCI tor few tnnnutes to retnove 
protetn from the glass membrane or I~quid junctron R~lise w ~ t h  dist~iled water 

2.3.3 Retnoval of Inorganics 

- Rinse the electrode with 0.1 M tetra sod~uln EDTA solution arid rlnse wrrh 
dist~lied water. 

2.3.4 Removal of Grease and Oil 

- Rinse with a rntld detergent or tnethaiiol and rlnse with distrlled water 

2.3.5 Rerlloval of Hard Deposit\ 

- If all above cleaning procedures failed, imtnerse the electrode tlp rn 0 I M 
NH,F  HF (ammonium b~tluorrde) for one minute aiid thoroughly rinse with 
d~sttlled water. Check tlie slope ot tlie electrode atter refillliig tlle reference 
electrolyte and soaktng in storage solution tor two hour\ If the electrode siopc 
1s still unsatrsfactory, discard the electrode 

2.3.6 Storage of Electrode 

For short term storage (upto one week). store the electrode In storage sc>lurlon 
supplred by the manufacturer or In pH 7 buffer/KCI system ( I  g of KC1 111 200  
snl buffer) 

For long term storage. dtscard the reterence electrolyte. ref111 with fresh so lu t~o~i  
and cover the frllrng hole Put tew drops of storage solution into tlie protective 
cap and cover the electrode ttp w ~ t h  rt 

- Keep the instrument 111 a clean dry place free from dust. Wlien not 111 use. 
always keep the Instrument d~scoiinected from the maln power supply and 



covered with a dust cover. 
- Clean cuvettes before and after use w~th high qual~ty (analytical or HPLC 

grade) methanol and allow to dry. Never dry cuvettes in an oven or by 
exposlng to a flame. 

2.5 Atomic Absorption Spectrophotometer 

2.5.1 Burner Cleaning 

An uneven flame ]nay ind~cate that tlie burner slot needs cleaning. If d~lute 
solut~ons are aspirated the burner may requrre only occas~oiial clean~ng If hrgh 
concentrations of Ag, Cu and Hg salts are asp~rated Into air/acetylene flame, the 
lnlxing chamber of the burner requlres immed~ate cleaning. After analyzing 
samples contaming h~gh levels of sol~ds or those prepared In organlc matrlces 
(e.g. MIBK extract~on) clean the burner immediately. 

(a) General clean~ng 
- If uneven flame IS noticed, turn-off the tlame and carefully work along 

through the slot w~th a s~ngle edge razor blade. Be careful not to n~ck 
the edges of tlie slot. Tli~s w~ll remove depos~ts l~ghtly adliered to the 
burner slot. 

- If tlie above method is unsuccessful. d~sconnect tlie burner head and 
carefully work through tlie slot with a razor blade. Remove scraplngs 
from inside and outs~de the burner head. 

- For further cleaning (if necessary) soak the burner head overn~glit in  a 
detergent solutio~i and rinse with de~onlzed water and blow dry w~th a 
clean alr flow. 

(6) Cleaning after analys~s of organic samples 
- Aspirate for 5 mlnutes an organlc solvent known to be tnlsctble with the 

samples asp~rated prev~ousl y . 
- Aspirate acetone for 5 mlnutes. 
- Asplrate 1 % HNO, for five minutes. 
- Inspect the burner chamber and if deposits are to be seen clean the 

chamber using the clean~ng procedure glven in sectlon 2.5.2. 

2.5.2 Burner Mixing Chamber Cleaning 

(a) General Clean~ng 
- Remove the burner head from the burner chamber and keep ~t aside. 
- F~rst, try to clean the burner chamber without d~smantling ~t by pouring 



about 50 ml of water through the neck. 
- If unsuccessful, remove the burner chamber from the Instrument and 

dismantle ~t according to the ~nstructions glven in the manual. 
- Clean the burner head and the chamber w~th a detergent solution and a 

bottle brush. Do not use acid solutions or strong cleaning agents. 
- After clean~ng, rinse thoroughly with de~onized water and re-assemble 

the burner chamber. 

(b) Cleanlng after use of high concentration of acetyl~de form~ng metals (e.g. 
As, Cu, Hg) 
- Immediately after analyzing acetyl~de forming metals, thoroughly flush 

the burner mixing chamber wlth distilled water until all traces of 
res~dues are removed. 

2.5.3 Cleaning the Nebulizer 

A lower than expected read~ng In absorbance for a standard maj  be due 
to an obstruct~on In the nebul~zer. Clean the nebulizer In the following 
manner. 
- Asprrate pure water (or solvent) untll absorbance read~ng IS satisfactory 

for a subsequent standard. 
- If ~t fails, insert a thln wire into the cap~llary from the ~nlet side and 

move it in and out. 
- If the nebulizer path 1s st111 obstructed, d~sassemble the nebulizer 

according to manufacturer's ~nstructions and clean the components w~th 
soap and water. 

2.5.4 Care of Optics 

- Do not make fingerprints on the surface of the hollow cathode lamp or 
on the light transmlttlng wlndows In the sample compartment of the 
Instrument. 

- When the covers of the instruments are removed, never touch the 
reflecting surfaces of mirrors and gratings. 

- If dust gets collected on optical surfaces, blow ~t off carefully by us~ng 
a clean and dry alr flow. Do not rub the surfaces w~th a cloth. 

- Window surfaces may be cleaned w~th a tuft of cotton moistened w~th 
a d~lute solutlon of a m~ld liqu~d detergent followed by several rinslngs 
with deionized water. 

- Cleaning of mlrror surfaces and the gratings should be done only by a 
skilled Servlce engineer. 



2.6 Glassware 

2.6.1 Glassware Cleaning 

The class~cal glassware cleaner IS chromic ac~d  solution wh~ch is prepared as 
follows: 

D~ssolve 100 g of K,Cr20, 111 I 1 of d~stilled water. Add slowly I 1 of H2S04 
with great care while stlrrlng. Allow the glassware to soak in chromic acid 
solut~on overnight. This lnlxture 1s hygroscopic and caustlc so the container 

sliould be covered. Chroin~c acid 1s harinful and for many purposes, the safer 
modern preparatory glassware cleaner may be suitable. Modern glassware 
cleaners are complex chem~cal mixtures. Hence ~t 1s essential to make sure that 
they do not Interfere w~th analys~s. Ordiilary detergents are less effectwe and 
more likely to cause ~nterference. They may have d~sastrous effects on 
phosphorous analysis. 



CHAPTER 3: STATISTICS IN WATER ANALYSIS 

3.1 Introduction 

Water laboratorles worldwide generate dally, an enormous amount of ~nformation 
on water quallty. This ~iiformatlon contalns quantltatlve values of chemlcal 
constituents and b~ologlcal characterlstlcs of surface or ground water. However, 
when report analytical data, basic questlous arise are ma~nly on re1 lab11 lty and 
qual~ty . 

It IS Important to note that all measurements are associated wlth expermental 
errors upto a certain degree. In  other words, ~t is lmposslble to achieve absolute 
preclslon and accuracy of the results. A knowledge on baslc statistics helps us 
to estlmate these experimental errors and to lay confidence 011 analytical data. 
A11 attempt 1s made III this chapter to brlef the bas~c statistical calculations whlch 
should be performed routlneiy 111 laboratorles which are involved In water quality 
assessment. The descript~on will also ~llclude step-wise approach of calculation 
of statlstlcal parameters from data and a d~scuss~on on ~ t s  Iilnitatlo~is. The use of 
these parameters 111 data quallty control IS alw addressed 

3.2 Basic Statistics Used in Data Analysis 

3.2.1 Mean and Standard Deviation 

Mean IS the arithmetic average of all the measurements In a data set. The value 
of standard deviation ind~cates the spread of the ~ndrvldual measurements around 
the mean value. Srnall standard devlatlon s~gnals very llttle varlatlon of 
~ndividual measurements around the mean. 

Calculation 

A. Mean (X) 

where; X , - - ~ t h  measurement 
I1 - - number of ~neasurements 



B. Standard Deviation (s) 

where: X , - 1t1i measurement - 

X - - meall of lneasurelnents 
n - number of measurements 

The square of the standard devlat~on 1s called variance (s2). 

3.2.2 Compai-ison of Standard Deviation (Precision): F-test 

The F-test 1s used to compare the standard deviations of two sets of lneasurelnents 
(NB: Standard dev~atlon 1s d~rectly related to precision. Therefore, by th~s way 
the precision of two sets of data can be compared). 

Table 3.1 Values of F 

Nurnher of Number of Degrees of Freedom of larger variance 
Degrees of 
F ~ ~ e d o m  of 4 6 $ 10 15 20 30 40 60 120 m 

ssnaller- variance 



Calculation: 

F-test 

where. Sl 
- - standard devrat~on of data set 1 
- s 2 
- standard dev~at~on of data set 2 

Ftrlilllldlid obta~ned from the F-table for the degrees of 
freedom of data sets 1 and 2 and for 95% 
confidence 111n1t (Table 3.1) 

I f  FL.l~Lll~rltC~ > F,,li,,,ldltd * no d~ffere~ice ~n standard devrat~ons * no drfference 
In precision. 

NB. * Always put larger standard devrat~on value in the numerator of the 
formula 

M Degree of freedom (n- 1 ) 

3.2.3 Comparison of Means (Student t-test) 

Prtor to applylng t-test, it IS requ~red to perform the F-test rn order to compare 
the c;tandard dev~at~ons of the two data sets (the standard devratlons of the samples 
should be same III order to compare means). 

Calculation: 

Case 1 When the true mean 15 known 

where; x i - - meall of data ~ e t  I 

P 
- - true mean 

S l  
- - standard dev~at~on of data set 1 

11 I 
- - number of observat~ons 111 data set 1 



Case 2 General case (w~tli two means) 

where; 

- - 
[n, + n, - 21 

where: ~ th  measurement of data set 1 
jth measurement of data set 2 
mean of data set 1 
mean of data set 2 
true mean 
pooled standard deviat~on 
number of observations In data set 1 
number of observations in data set 2 

Confidence Interval 

Both the mean and the standard deviation of a data set are only approximates. You may 
never reach tlie true value. By calculating confidence interval one can suggest a range 
In which the true mean ( p )  resldes. The probability (or the chance) level of the 
confidence ~nterval should always be given. 

Calculation 

where: I.1 - - true mean 
X = mean (calculated) 
t = student t value (refer Table 3.2) 
S - - standard deviation 
11 - - number of measurements 

NB: * The true mean (p) IS called the populat~on mean. 
* (n-I) IS called the degree of freedom. 



Tahle 3.2 Values of Student'? 1-test 

Degrees of Conficlence level (%) 
fi-eedom 

5 0 80 90 95 99 

3.2.4 Reliability of Results (Q-test) 

Always rqect the result of any analysis 111 whlcli a h i i t ) \ \  11 crror has occurred. 
You may not, I~owever, reject data arb~trar~ly [lo '1 (,) te5t in order to make a 
dec~sron or1 data rejection. 

Calciilation: 

- To apply a Q-test, arrange tile data ot replicate alialysis 111 tile ascending order 
- Calculate tlie range (the difference between the lowest and the iilghest value). 
- Determllle thc gap (the dlfterence between the cjuest~onable po~nt and the value 

nearest to ~ t )  
- Q = gaplrailge. 



Table 3.3 Q-table 

Q(at 90% level) 0 9 4  0.76 0.64 0.56 0.51 0.47 0.44 0.41 

11 3 4 5 6 7 8 9 10 

3.2.5 Accuracy and Precisiorl 

The trne value of a ~neasuremeiit always remalns unknown. tlowever, the values 
glven for standard reference materrals are accepted as true values. Accuracy IS 

tlie nearness of a measurement or a result to the true value. I t  1s not defined in 
statlmcs. However, by esttlnatllig tlie related term, standard error (a,) of a 
serles of measurelnents, you can get a feelrng of tile accuracy of the results. 

Precision ~ndrcates how close the 1nea5ureriients are to each other. Unlike 
accuracy, precision call be defi~aed stati\ticaIly. I t  1s obtalned by calculatl~ig 
the standard devrat~on of a data set. For better ~ndlcatiori of the precisloll of your 
data set, always calculate the related term, coefficient of variation (CV). 

Calculation 

a Standard Error 

where: a,. = Standard error of mean 
X - - ]neat] 
n = ~iu~nbe r  of measurements 

b Standard Deviatior~ 
See sectton 3.2.1 . 

c Coefficient of Variation 

where; CV = coeff~clent of variation 

s = standard dev~atlon 
X = mean of measurements 



NB: * When the standard error of a data set gets smaller, the measurements 
become accurate (accuracy 1s h~gh). 

* When the coeffic~ent of varlatlon gets smaller. tlie measureinents become 
more preclse (precision 1s high). 

* I t  IS not poss~ble to have accuracy w~thout precis~on. However, you inay 
have good precisron w~thout accuracy. 

3.2.6 Rounding off Numbers 

When you perform mathematical operations w~th your raw data (1.e. Instrument 
readings) to determine the quantity of a des~red parameter in the sample, you 
sliould tnaintain a certaln nuinber of d ~ g ~ t s  in the answer rn accordance w~th the 
rules of sign~ficant figures (rules governing signif~cant figures are d~scussed In the 
next sect~on). If your answer carries more d~gits than those allowed by the rules 
of sign~ficant f~gures, you should round off extra d ~ g ~ t s  so that the rules are 
obeyed. For rounding off the numbers, you should follow the rules given below. 

( I )  If tlie segment to be rounded off IS more than half way to the next h~gher 
d~git, add 1 to the last number to be retained. 

e.g. If 3 numbers are to be retained, 

segment to be rounded off 
J. J. J. J. 

67.0501 67.4501 67.5501 67.9501 
J. J. 4 J. 

67.1 67.5 67.6 68.0 

(11) If the segment to be rounded off IS less than half way to the next hlgher 
d ~ g ~ t ,  add 0 to the last  umber to be reta~ned. 
e.g. If 4 numbers are to be retained, 

segment to be rounded off 
J. J. J. J. 

1.480499 1.482499 1.483499 1.489499 
J. J. J. \C 

1.480 1.482 1.483 1.489 

(111) If the segment to be rounded off IS exactly halfway to the next h~glier 
dig~t, round off the segment such that the last number to be retaliled 
becomes an even d~g~ t . ,  
e.g. If 3 numbers are to be retained, 



segment to be rounded off 
4 .1 S 4 

7.10500 7.13500 7.14500 7.19500 
S 4 S 4 

7.10 7.14 7.14 7.20 

3.2.7 Significant Figures 

Let us constder a portlon of a 50 ml burette as shown 111 Figure 3.1. 011 this 
burette, 1 ~ n l  segme~it 1s dlvlded into 10 small graduatlons each representing 0. I 
ml Therefore, you can take the reading upto the ftrst decllnal polnt exactly. For 
example, any one can read the Ilquld level in tlie burette exactly as 36.4 ml. 
However, you [nay notlce that you are able to estimate tlie second dec~nial place 
between the srnall graduations (between 36.4 and 36 5) v~sually. By doing so, 
you are lmprovlng the accuracy of your reading and the ult~tnate result of your 
titrat~on/exper~inent. 111 this case. the second declmal place, of course, is not 
exact (1.e. conta~ns some uncertalnty). Different analysts may read tlie second 
declmal place differently. 

You [nay take the above readlng as 36.44 ml. Another analyst may read ~t as 
36.43 or 36.45 or even 36.46 ml. Hence. the burette read~ng has at least + I 
uncertalnty in  the last dig~t. Here, you cannot possibly take the read~ng upto the 
th~rd dec~mal place. Therefore. a read~ng such as 36.442'devlates from accurate 
reading as the thlrd dec~mal place (1.e. 2) is insignificant when taking the reading 
by th~s particular burette. You inay now understand that the tli~rd decrlnal place 
is signlf~cant only ~ f ,  111 addltlon to 0 I ml graduatlons, 0.01 ml graduat~ons are 
marked on the burette as in the case of some ln~cro burettes. 

Now we can deflne the term significant figures. The number of s~gnificant 
tigures 111 a reading obtalned from an analyt~cal instrument 1s the number of d~glts 
that are needed to express the read~ng w~tllout loss of accuracy. Therefore, a 
read 1 ng expressed in accordance w it11 tlie concept of signi f~cant f~gures should 
contain all tlie certaln digits and one uncertain digit. I n  the above example, 
36.43. 36.44. 36.45 and 36.46 ml all contaln correct s~gnificant f~gures ci.e. 4 
figures) although the uncertalnty In the last d ~ g ~ t  1s d~fferent. Read~ngs such as 
36.4 ml and 36.442 ml do not colnply w~th the concept of sign~flcant f~gures as 
the former does not 111clude the first uncertain digit and the latter has one 
add~t~onal uncertain d~glt. If you are uslng a lnlcro burette with 0.01 ml 
graduatlons. a read~ng like 36.442 ml obeys the concept of s~gnlflcant flgures and 
therefore carries 5 slgn~ficant flgures. 



Figure 3.1 Segment of a burette 

You must follow the same rules when taking readings from any Instrument w~th 
an analogue or digltal scale. I n  the case of d~g~ta l  scales, the dig~t next to the last 
stable dig~t of the read~ng (1.e. first uncertain t~gure) should be taken as the last 
significant figure of the read ~ng .  

You lnlnst also understand that sometimes you can find out the nurnber of 
signif~cant figures 111 a value, only if the value is reported in scientific notation. 
For example, the number 80,400 IS ambiguous w~th regard to 51gnlflcant f~gures. 
You sliould write the nurnber In sc~entrf~c notatlon to f~iid out number of 
sign~ficant figures. For ~nstance above mentioned number possesses 3. 4 and 5 
signif~caili t~gures when expressed In different scient~flc notations 

Number Scientific notation Measure~nent Niunber of 5ignifimnt 
upto figure5 

80400 8.04 x lo4 2 decimals 
80400 8.040 x 10' 3 dec~mals 
80400 8.0400 x lo4 4 decimals 



3.2.8 Significance of Zero Digit in a Number 

Let us consider the level of s~gnlf~cance of the follow~ng numbers 

Number Scientific notation Measurement Number of significant 
upto figures 

You may understand from the above ~llustratlon that zeros are sign~ficant when 
they oceur only in the m~ddle of a number or at the end of a number on the r~ght 
hand side of the decllnal po~nt. They are however, not s~gnificdnt when they 
appear before the first non zero d ~ g ~ t  on the left hand slde of the number. 
Expression of the number In a sclentlf~c notatlon facll~tates the deduction of the 
number of slgn~ficant figures In ~ t .  

3.2.9 Mathematical Operations 

You must follow the concept of sign~flcant figures throughout all mathemat~cal 
operations that follow the rnltlal exper~mental measurements. There are d~fferent 
rules governing addit~on and subtraction, lnult~pllcatlon and divls~on, logar~thm 
and anttlogarithm. 

(a) Addition and Subtraction 

For add~tion and subtraction, express all the numbers by the same exponent and 
align them w~th respect to decllnal po~nt. Perform addit~on or subtract1011 and 
round off the answer so as to give the same number of decllnal places as of the 
number w~th the fewest dec~rnal places. 



(b) Multiplication and Division 

In these ~nathe~nat~cal operatlolls you should retain in your answer the number of 
digits contained in  the number wlth tlie fewest slgii~ficant figures. Here the 
exponent has 110 intluence on the figure that is retained 

4 3 179 x 10" 1234 6 
x 3 6 x  10" - 2 487 
-----------.--- ---------- 

IS. $4444 x 10 ' 497 33 14343 
& 

1 554444 x 10 ' 4 974214343 x 10' 
& .1 

1.6 x 10' 4 974 x 102 

(c) Logarithms and Antilogarithms 

Cons~der the logaritliin of number 584 S111ce the number conta~ii 3 s~gn~ficant 
figures t l~e  logarithm value sliould also contain 3 s~g~i~ficaiit  f~gures. 

c g log 584 = l o g ~ x l 0 '  = 3706412847 = 3 7 6 6  
5. .1 & 

3 \~p~uticant dlg~t\  3 \~gniti~ant d ~ g ~ t \  3 \ ign~fi~ant digits 

Remember the f~rs t  digit (2) In tlie answer 1s not sign~flcant. I t  only corresponds 
to the expoilent In 5.84 x 10'. Therefore. liere 2.766 (which IS a log value) lias 
oi11y three s~gn~ficaiit figures. The rule is that the number of digits In tlie 
mantissa of a log value should be eclual to tlie number of sign~ficaiit f~gures 111 the 
number of wli~cli the log value was taken 

In convert~ng a logarithm to antilogar~thm. number of figures 111 the inant1s5a of 
the logar~tliin should equal tile signiftcant figures 111 tlie antilogarith~n value. 



3.2.10 Signal and Noise 

Electron~c signals will be produced by all equlpment even when a blank sample 
1s be~ng analyzed. Th~s  electron~c s~gnal is called noise. The SignalINoise (SIN) 
ratlo 1s a measure of equipment resolution. See the manual of the particular 
equlpment for this value. 

Detection Limit (DL) 

Detect~on 11rn1t IS the concentratlon of an element which produces a slgnal to 
noise ratlo of 2: 1.  The detection limit 1s the slnallest concentratlon that can be 
detected from a given procedure w~tli a given degree of confidence. 



CHAPTER 4: SAMPLING, PROCESSING AND PRESERVATION 

4.1 Introduction 

Meaii~ngful assessment of water qual~ty depends on a varlety of factors such as 
tlie des~gn of lnonltoring programme, sainpl ~ng. processing, pre-treatment, 
sli~pment to laboratory and the laboratory analys~s. These are part~cularly cruc~al 
for some physical and cliem~cal parameters such as, pH, trace elements, mlcro- 
nutr~eiits (e.g. nltrate. phosphate. ammonia) and m~crob~ologrcal examrnations 
(e.g. colifor~n counts, BOD,). Errors can occur from f~eld operations to 
laboratory anal ys~s Con tain~natioii is a colnlnon error that occurs dur~ng 
sa~npllng, filtration and laboratory analysis 111 the case of f~eld measurements 
(e.g. pH, coiiductiv~ty , temperature, etc.), uiical~brated operations will prov~de 
erroneous results. Understanding of hydrological reglrne is also fairly lrnportant 
to ensure meaningful field speratlons. Loss of labels and breakage of contamers 
are also common sources of errors 111 tlie water qual~ty assessment programmes. 

It 1s also necessary to follow recommended procedures to avoid collect~on of non- 
represeiitat~ve samples. Each method or sampling gear (apparatus) has a speclf~c 
urocedure which should be followed accurately at every sampl~ilg occasion. 111 

ddd~tion, s~inple basic rules such as avo~d~ng unnecessary disturbances of the site 
prior to sampling (e.g. by stand~ng In water and wash~ng Iiands before sampling) 
must be followed. It is ~mportaiit to note that the select1011 of sampl~ng 
procedures depend largely 011 the nature of the rnonltorlng programme and the slte 
to be sampled. 

4.2 Sampling Strategies 

Water sa~npl~ng 1s fairly straightforward although certaln factors must always be 
taken into account. For example: 

- cleanliness of sainplers and containers 
- obta~n~iig an adequate volume of samples 
- collect~on of samples ~nto special contamers for certain analysis (e.g. 

deter~niiiation of oxygen) 
- f~ltration of samples 111 tlie case of dissolved constituent analysis 
- quick sli~pment to tlie laboratory 
- appropriate method of storage 



4.3 Surface Water 

True surface waterbod~es In Sri Lanka are ma~nly rlvers, estuaries and lagoons. 
Villus 111 the tloodpla~n and marshes are also natural In form but transitio~lal or 
seasonal In nature. It should be noted that Sri Lanka has no lakes. Reservoirs 
or irrlgatlon tanks are anthropogen~c in orlgln and are intermediate forms between 
rivers and lakes. Shallow ~rrigat~on tanks are falrly different from deeper 
I1 ~ghland reservoirs . Smaller lrrlgation tanks wh~ch are commonly known as 
village tanks are ram fed shallow pools. Several perennial pools can be seen in 

Hortan Pla~ns, the highest altitudanal place of the country, of wh~cli the orlgln 1s 
unknown. A unique type of surface water 111 rock pools popularly known as 
"kema" is located In the southeastern part of the country. 

4.4 Samplers 

Popularly known water samplers (e.g. van Dorn, Ruttner, Kemmerer, Nansen) 
used In I~mnology are suitable for open waters and they are qulte srmple to 
operate. These samplers are made of polyethylene or polycarbonate tnater~al and 
are used for tak~ng water samples at d~fferent depths with the a ~ d  of a messenger. 
van Dorn sampler, a lior~zontal type, IS specially des~gned for taking water 
samples from des~red depths (e.g. strat~fled sampling). However, all these 
samplers are expensive unless manufactured in-house. 

Spec~fic types of salnpling bottles made of borosil~cate glass are also ava~lable to 
sample water for chem~cal analysrs (e.g. rn~cro-nutrients, heavy metals, organlc 
residues). 

4.5 Sampling 

4.5.1 Sampling for Physical Analysis 

Samples for the analys~s of pliysrcal parameters (1.e. temperature, conductivity, 
pH and oxtdat~on/reduction potential) will seldom create problems. However, 
attent1011 must be paid -here to avo~d changes that can be caused by entering or 
escape of gases. 

4.5.2 Sampling for Chemical Analysis 

The cholce of bottle mater~al and bottle size to suit the ~ntended purposes of the 
anal ysls is important. Variable colnponents such as Fe++, cyan~de, oxygen and 
free C 0 2  must be determined at the trine of sampling. 



4.5.3 Sarnplirlg for- Micl-obiological Allalysis 

Secondary ~nfect~on or teclin~cal crrors 111 wnpling can falsrfy tlie accuracy of the 
entlre ~n~crob~o log~ca l  ~nvest~gatlon I t  IS thcretore llnportalit that salnpl~ng be 
carrled out expertly. 

NB: * As a rule, ster~lized glass-stoppered bottles covered wrth alum~num fo~ls  
sliould be used to collect samples. 

* Bottles used for salnpl~ng clilor~uated water inust be treated wltli s o d ~ u ~ n  
th~osulphate (0.25 ml ot 0.01 M th~osulfate for 250 ml bottle) before 
ster~lizat~on. 

* In the case of d r ~ n k ~ n g  water, taps must be rn~t~ally cleaned mechantcally 
and subsequently be flamed u ~ i t ~ l  they are co~npletely dry 

* In order to prevent changes in rn~crob~olog~cal qual~ty of the water, 
samples must be transported I n  insulated boxes. 

* The samples should be exam~ned ~mmed~ately 011 arr~val at the laboratory. 
if this IS not poss~ble ( ~ n  except~onal c~rcumstances) the qamples should be 
stored at 4 "C. However. storage tlme sliould be Inllllinurn. 

* If the time span between sampl~ng and ~nves t~gat~on IS too long the 
bacterlologlcal tests will have to be carrled out in s l t r d .  

4.6 Sarnple Treatment and Storage 

Collected samples can be contam~~iated by ~nadequately or ~nappropr~ately cleanecl 
glassware, filters, f~l ter  apparatus, chemrcals used for preservatlon, etc Thus. 
care should be taken 111 the clean~ng of equlplnent and 111 the cliecki~ig ot the 
purity of chem~cals used. Water qual~ty paraliieters that should be determ~ned 111 

tlie held ~rn~ned~ately after samplrng rieed t~~dlvldual treatment so that thesc 
samples cannot be used tor further analytical work. 111 add~tlon, t~e ld  analytical 
operatlons should follow a pre-deter~ii~ned sequence III order to avold 
contam~nation. For example, co~iduct~v~ty  must not be determ~ned atter 
nieasurement 0 1  pl-1 In tlie same water sample because, concentrated electrolyte 
from the reference electrode used in tlie pH determ~nat~on Inay enter tlie sainplc 
and affect the coriduct~v~ty iiieasure~nent. 

Dur~ng tlie f~eld operatlons, period~c blank sample5 (one blank for every ten water 
samples) are requ~red to deterrn~ne errors arlslng from contamination. llsual l y 
for t l i~c;  purpose a dist~lled water sample IS subjected to all the operat~ons 
undertahen tor tlie env~ronmental saliiple such as filtrat~on. storage and 
preservatlon. The blank is sli~pped w ~ t h  tlie other samples to the laboratory tor 
analys~s When blank tests show evidence of contamlnatlon. addlt~onal 
investlgatlons must be conducted dur~ng the neut round of sampl~ng. 



Preservat~on of sample5 may be neceqsarv In ~ n d ~ v ~ d u a l  cases. Tlie best forin of 
preservatlorl of a sample IS tile rap~d ~~ivestigat~on of the water sample after 
sanipl~ng. T h ~ s  should take place in the laboratory as soon as poss~blc but not 
later than 2 days after salnpl~ng. Dur~ng the tral15portation and unt18 
commencement ot the Investlgatlon, the water sample \Iioul(l be \toretl In cool 
cond~tlon at 4 "C. 



CHAPTER 5: ANALYTICAL PROCEDURES 

5.1 Introduction 

There are number of Important points related to w~,cr  analys~s which are rarely 
~neiit~oned in analyt~cal manuals Firstly, when a method is tr~ed for the f~rst 
tlme or when it is re-started after a break of some t ~ ~ n e ,  the preclslon 
(reproduc~bility) and the accuracy may be uncerta~n. Simply repeating the 
procedure w~thout changes w~ll often restore the earlier re l~ab~l~ty.  But ~t is 
Important to assume that the f~rst batch of measureinents w~ll  not be satisfactory. 
It IS also lmportalit to avoid discard~ng samples wli~ch cannot be obta~ned agaln. 

Secondly, ~t should be a constant practice when a new standard solution is made, 
to check it agarnst the old one. A suff~c~eiit amount of the old solutloii should be 
kept for comparlson of the concentratlolls This is necessary even when 
co~n~nerc~al standard solutions are used. 

Thirdly, the analyst should constantly be seeking to match the precision and 
accuracy of 111s analys~s to the needs of h ~ s  problems and to tlie Iim~tat~ons of the 
sampl~ng programme. I t  is usually waste of inoney to strlve for accuracy of + 
0.1 % ~f the samples are unrepresentative or have the standard dev~at~on of 10% 
or if the problein involves tlie comparlson of two sainples which differ In 
concentration by a factor of 10. Even w~th~i i  a single procedure there 1s a scope 
for judgement. 



5.2 Physical Parameters 

Interferences: 

Spectrophotornetric 

Turbidity 

1. Application 

1.1 The method 1s appl~cable to potable, fresh and saline waters and 
effluents. 

2. Sampling 

2.1 Dlrect sampling 

3. Preservation 

3.1 Preserve at 4 'C 

3 Apparatus 

4.1 Spectropliotometer 
4.2 Filtration system 

4.2.1 Flltrat~on flasks, 250 ml wlth side tube 
4.2.2 Crucible holder 
4.2.3 F~lter crucible 
4.2.4 Vacuum system 

5 Reagents and chemicals 

5.1 Filter ald- Celite No.505 or equivalent. 

6. Procedure 

6.1 Use two 50 ml samples, one at the or~ginal pH and the other at 7.6 pH, 
both at room temperature (use sulfuric acid or sodlum hydroxide to 
adjust the pH). 

6.2 Remove excessive quantitnes of suspended materials by centrrfug~ng. 
6.3 Treat each sample as follows. 

6.3.1 Thoroughly lnlx 0.1 g filter ald in a 10 ml portion of 
centr~fuged sainple and filter to form a precoat in the filter 



cruc~ble. 
6.3.2 D~rect filtrate to waste flask. 
6.3.3 Mix another 40 mg of filter aid in a 35 ml portlon of 

centr~fuged sample. 
6.3.4 With vacuum still on, f~lter through the precoat and pass f~ltrate 

to waste flask unt~l clear. 
6.3.5 Direct clear filtrate flow to clean flask and collect 25 ml for the 

translnittance ineasurement. 
6.4 Thoroughly clean 1 cin absorpt~on cell with detergent and rlnse with 

distilled water. 
6.5 R~nse twlce with f~ltered sample and f~l l  the cell. 
6.6 Determ~ne transmrttance values at the wavelengths given In section 7.1. 

7. Calculation 

7.1 Express colour character~st~cs 111 terms of doin~nant wavelength (refer 
the Table 5.1). 

Table 5.1. Wavelength range and corresponding colour 

Wavelength Range (nrn) Colous 

400-465 Violet 

465-482 Blue 

482-497 Blue-green 

497-530 Green 

530-575 Greenish yellov~ 

575-580 Yellow 

580-587 Yt!llOwl~h OrAIlge 

587-598 Orange 

598-620 Orange-Red 

620-700 Red 

8. Alternative method 

- Colorimetry with plat~nuin/cobalt scale (USEPA, 1983 : APHA, 1989) 

NB: * S~nce b~ological actlvlty may change the colour cl~aracteristics of a 
sample, the determination should be made as soon as poss~ble. 



TEMPERATURE "C (Cels~us) Thermometric 

1 .  Application 

I .  1 The method IS appl~cable to potable, fresh and sallne waters and 
effluents. 

2. Sampling 

2.1 In situ measurement 

3. Apparatus 

3.1 Mercury thermometer calibrated In Cels~us. The smallest scale of the 
thermometer should be 0.1 "C. 

4 Reagents and chemicals 

Not required 

5 .  Procedure 

D~rect readlng from the instrument 

6. Alternative method 

- Digital thermometer w~th a temperature probe (Fresenius, 1988) 

NB: * A thermosphere type thermometer with appropriate cable length should 
be used to determ ~ n e  thermal stratlf~cat~on 111 deep waterbod~es. 



TURBIDITY NTU (Nepheloinetr~c Turbidity Units) Nephelometric 

- 

Working Range 0 - 40 NTU Detection limit- 0.02 NTU 

Precision at 26 NTU 2% 
at 41 NTU 2% 

Interferences Presel~ce of floating debr~s  and coarse ~edi l~lent  wl~~c l l  call \ettle down rapidly will 
give low readiiigs 
Finely divided alr buhbles wrll affect the results 
The presence of true ccllour (i r. the colour of water arising out o f  
the dissolved suhstalices which La11 nhsorh 11gh:) will cause turh~d~t les  to be low 

I .  Application 

1. I The method IS appl~cable to potable, fresh and sal~ne waters. 

2. Summary of method 

2.1 The method IS based upon a comparjson of the lntelislty of Iight 
scattered by the sample w~th the lntenslty of the iight scattered by a 
standard reference suspension. 

2.2 The i~lglier the intensity of the light scattered, the higher the turb~d~ty. 

3. Sampling 

3.1 Direct. unfiltered 

4. Preservation 

4 1 Store samples in the dark at 4 "C up to 48 hours. 

5.1 A nephelorneter wlth a Ilgl~t source and a photoelectr~c detector 
5.2 Clear, colorless glass sample tubes 



Reagents and chemicais 

6.1 Turbid~ty free water 
6.2 Hydrazine sulphate [(NW2),. H,SO,j 
6.3 Hexainethylene-tetraamme [(CH,),N,] 

Preparation of standards and reagents 

7.1 Turbidity free water 
7.1.1 Pass d~stilled water through a 0.45 pm pore size membrane 

filter paper 
7.2 Stock formazin turbid~ty suspension. 

7.2.1 SoIuti011 1- Dissolve 1.00 g liydraz~ne sulphate In distilled water. 
7.2.2 Dilute to 100 ml in a volulnetrlc flask. 
7.2.3 Solutlon I 1  - D~ssolve 10 00 g hexamethylene - tetramlne in 

d~st~lled water. 
7.2.4 D~lute to 100 rnl 111 a volu~netric flask. 
7.2 5 Mix 5.0 ml solutrori I with 5.0 in1 solution I I  in a 100 mI 

volumetr~c flask. 
7.2.6 Allow to stand 24 hours at 25 + 3 "C, then dilute to the mark 

and lnlx (this IS the stock formazl11 turbidity suspension). 
7.3 Standard formazin rurb~dlty suspension 

7.3.1 Dilute 10.00 in1 stock turbldlty suspensloii to 100 ml wlth 
turbidity free water 

7.3.2 Dllute portrons of the standard turbidity suspension wlth 
turbidity free water, as requ~red. 

Calibration 

8.1 Follow the manufacturer's operating instructrons. 
8.2 Calrbrate the liistrulnent by using appropriate calibrat~on standards 

prepared In 7.3. 
8 3 Run at least one standard in the range to be used, each time prlor to 

sample analysis. 

9.1 Turbidi tylessthan40NTUunlts  
9.1.1 Shake the sample thoroughly to disperse the solnds. 
9.1.2 When air bubbles disappeared, pour the sample Into the 

nephelometer tube. 
9.1.3 Read the turb~dity directly from the instrument. 



9.2 Turbid~ty exceedlng 40 NTU units 
9.2.1 Dllute the sample w~th  one or more equal volumes of turbidity 

free water u i i t ~ l  tlie turbid~ty falls below 40 NTU unlts. 
9.2.2 Shake tlie diluted sample tl~orouglily and when the alr bubbles 

disappear. pour the sample into the nephelometer tube. 
9.2.3 Read the turbldlty d~rectly from the ~~istrument. 
9.2.4 Compare the turb~d~ty of the o r~g~na l  sample from the turbid~ty 

of the diluted sample and the dilution factor. 

10. Calculation 

10.1 Mult~pl y sample reading by appropriate di lut~oi~ to obta~n the final 
reading . 

where: A = NTU found 11.1 dlluted sample 
v 1 = v o l u ~ n e o f d ~ l u t ~ o ~ i w a t e r ( m l )  
v L = original sample volume taken for d~lution 

(ml) 

I I .  Alternative method 

- Visual method (Suess, 1982) 



TOTAL HARDNESS mgl-' as CaCO, Titrimetric 

Working Range: All coiicentrat~on ranges ot liardliess (hut preferably below 25 11ig as CaCO, 111 

tlie sample allquot) 

Precision For sy~itliet~c water saniple\: Accuracy at 3 1 mgl" CaCO, -0 87 % 
at 3 1 mgl-' CaCO, 9 % at 444 nigl-' CaCO, -3.23% 
at 444 nigl-' CaCO, 2 %  

Interferences: Excessive a~iiouiits of heavy metals 

1 .  Application 

1 . 1  The method is appl~cable to potable, fresh and saline waters and 
effluents. 

3 . Summary of method 

2.1 Calc~uln and magnesium Ions in the salnple are tltrated upon the 
add~tion of disod~um ethylened~a~n~ne tetraacetate (EDTA sodlum 
form). 

2 2 The end polnt IS detected by means of Er~ocliro~i~e Black-T Indicator 

3. Sampling 

4. Preservation 

4.1 Store at 4 "C 

5 .  Apparatus 

5.1 Standard laboratory titrimetr~c equipment 

6. Reagents and chemicals 

6.1 Magnes~um sulphate [MgSO4.7H201 
6.2 A~nrnon~u~n chloride [NH,CI] 
6.3 Conc. arn~non~uln hydroxide [NH40H] 
6.4 Sod~uln cyanlde INaCNI 



Sodium sulfide [NazS 9H20] 
Calciuin carbonate [ CaCO, ] 
Conc. hydrochlor~c ac~d [HCI] 
Methyl red 
Disodium ethylened~am~ne tetraacetate [Na,EDTA] 
H ydroxylainine Iiydrochloride IN H,OH . HCI 1 
Ethanol or isopropanol (95 %) 1 C,H,OH or C,H,OH ] 
Erichrome Black-T 

7. Preparation sf standards and reagents 

7.1 Buffer solut~on (Mg EDTA solut~oi~) 
7.1.1 D~ssolve 1.179 g disodium EDTA and 780 mg lnagneslum 

sulphate In 50 ml dist~lled water. Add th~s solution to a 250 ml 
volumetric flask containing 16.9 g ammonium chloride and 143 
ml conc. ammonium hydroxide with mixing and d~lute to the 
mark with dist~lled water. 

7.1.2 Store this solution In a tightly stoppered plastic bottle (discard 
this solut~on when 1 or 2 ml added to the sample falls to 
produce a pH of 10.0 + 0.1 at the end polnt of t~trat~on). 

7.2 Inh~b~tors 
7.2 1 Inhibitor I - NaCN powder 
7 2.2 %nhibitor I1  - Dissolve 5.0 g sod~um sulfide (Na,S 9H,O) or 3 7 

g sodium sulf~de (NazS.5H,0) In 100 ml d~stilled water. Exclude 
air with rightly fitted rubber stopper. 

7.2.3 lnh~b~tor I11 - Dissolve 4.5 g hydroxylarn~ne hydrochloride in  

100 ml of 95% ethanol or isopropanol. 
7.3 Er~chrome Black-T indicator solut~oll 

7.3.1 MIX 0.5 g of Erichrome Black-T w~th 4.5 g of Iiydroxylamine 
hydrochloride. 

7.3.2 Dissolve in 100 ml of 95 % ethanol or ~sopropanol. 
7.4 HC1 ( 1 + l )  

7.4 1 Add 1 volume of conc. HCI to 1 volume of deion~zed d~st~lled 
water. 

7.5 A~~irno~i~um hydrox~de solut~on ( 1  N) 
7.5 1 , I I ~  70 ml of conc.NH,OH to 1 l~ter w~th d~st~lled water. 

7.6 St:ill{ I ,1('03 solut~on (0.02 N) 
7.6 I I ' , , L L ~  1 .OO g of anliydrous CaCO, 111 a 500 1n1 beaker . 
7.6.2 Add HCI ( I  + 1 )  gradually until all the CaCO, is d~ssolved. 
7.6.3 Add 200 ml distilled water. 
7.6.4 Boll for few minutes and cool. 
7.6.5 Add few drops of methyl red ~ndicator and adjust to 



lntermedlate orange colour by adding I N NH,OH solut~on or 
( 1 + 1) HCl as requ~red. 

7.6.6 Quantltat~vely transfer to a 1 l~ter volumetric flask and dilute to 
the mark wlth dlstllled water. 

7.7 Standard EDTA t~trant (approximate 0.02 N) 
7.7.1 Place 3.723 g analytical reagent grade dlsodium EDTA In one 

l~tre volulnetr~c flask. 
7.7.2 D~lute to the mark wlth d~stilled water. 
7.7.3 Standardize the EDTA solution with standard calcium solutlon 

(7.6) by tltratlon procedure given in 8.1. 
7.7.4 Label and store In a polyethylene bottle. 

8. Procedure 

8.1 Standardization of EDTA titrant 
8.1.1 Place 10.0 ml of standard calcium solution (7.6) In a conical 

tlask contalnlng 50 ml of dist~lled water. 
8.1.2 Add 1 ml buffer solution. 
8.1.3 Add 1 to 2 drops of the Er~chrome Black T ~ndicator. 
8.1.4 Titrate slowly w~th EDTA solut~on (7.7) until the last reddish 

colour dlsappears (red * blue). 
8.2 Place 25.0 ml sample in titratloll flask, neutral~ze with 1 N ammonium 

hydroxide or with HCI ( 1 + 1 ). 
8.3 D~lute to about 50 ml. 
8.4 Add 1 or 2 ~ n l  of the buffer solution (see NB). 
8.5 If the end polnt is not sharp (as determined by practice run), add 

~nhibitors at thls polnt. 
8.6 Add 1 or 2 drops of ind~cator solut~on. 
8.7 T~trate slowly while st~rring with standard EDTA titrant (7.7) until the 

last reddish tlnt dlsappears. Solut~on is normally blue at end point (red 
=. blue). 

9. Calculation 

Normality of EDTA = 
U . L  

volume of EDTA (ml) 



Hardness  (EDTA) m g l - l  a s  C a m ,  = 
V x A x  1 0 0 0  

sample  vo lume (ml) 

where, V - volume of EDTA titrant used for - 

sample in ml 
A = mg CaCO, equrvalent to l .OO ml 

EDTA tltrant 
10. Alternative method 

- Dlrect calculatron after determ~nation of calcluln and magnesium by AAS 
(IJSEPA, 1983). 

NB: * For low hardness (less tlian 5 mgl-I) . a large sample and 
proportionately larger alnounts of butfer , inlilbttor and ind~cator must 
be used. 

Y Inh~brtors are used to reduce the metall~c interferences. 
Y To avoid large titratlon volu~nes, use a sample allquot containing not 

more than 25 rngl-' CaCO,. 
x Refer AAS method for Ca and Mg detertn~natlon ~f alternatrve  neth hod 

IS used for hardness. 



pH pH un~ts Potentiometric 

Precision + 0 02 pH umts Accuracy + 0 0.5 pH ullits 
+ 0 1 pH units (limrt of accuracy under nor~ilal 
colid~tlol~\) 

Interferences D~\solved gases \uch ns C 0 2 ,  H2S or NH, Inay contribute to  a~ ld i ty  
Sol1d4 and olly matter Inay coat the @as< electrode surface 
Prese~ice of oxidlzablr or Ilydrolyzahle lonr Inay ~titertere. 
Na Ellay Interfere nt pH levels greater than I0 (nlkal~~ie error) 
Measuren~ents are not rel~able below pH I (acid error). 

I .  Application 

1.1 pH can be operationally defined as the H+ concentration in log scale . 
1.2 T h ~ s  ~netllod is appl~cable to potable, fresh and saline waters and 

effluents. 

2. Summary of method 

2.1 The pH is deterin lned electrometr~call y us~ng e~ther a comb~nation type 
pH (glass) electrode or glass electrode coupled with a standard 
reference electrode. 

3. Sampling 

3.1 In situ measurements 

4. Apparatus 

4.1 pH meter (laboratory or field model) 
4.2 Combination pH electrode (or a glass electrode coupled wlth a standard 

reference electrode) 
4.3 Magnetic stirrer and teflon coated st~rring bar 
4.4 Thermometer 

5 Reagents and cheniicals 

5.1 Buffer standards; pH = 4.0, pH = 7.0 and pH = 9.0 (see NB) 



6. Preparation of standards and reagents 

6.1 Buffer standard solutions may be purchased directly from chemical 
lnanufacturers or prepared accord~ng to the procedures glven In the NB. 

7. Calibration 

7.1 Each ~nstrurnent/electrode system must be cal~brated wrth lnlnilnum of 
2 buffer solut~ons hav~ng pH values approxiinatel y three pH unlts apart 
from tlie expected pH of the sample. 

8. Procedure 

8.1 Keep electrodes wet by returning them to storage solut~on (standard 
KC1 solut~on) whenever pH meter 1s not in use. 

8.2 Standardize the meter arid electrode system using pH buffer solut~oiis as 
outl~ned in Chapter 1.5. 

8.3 Place tlie sample solution in a clean glass beaker (a suffic~ent volurne to 
cover the senslng elements of the electrodes should be taken). 

8.4 After rinsing and gently wlplng the electrodes, (or combinat1011 
electrode) Immerse them Into the sample and stlr at a constant rate to 
prov~de homogene~ty. 

8 5 Record sample pH and temperature. 
8.6 Repeat measuremelit on successive portlolls of the sample until values 

d~ffer by less than 0.05 pH units. Two or three volume changes are 
usually sufficiellt ( ~ f  the sample temperature d~ffers by more than 2 "C 
from the buffer solut~on the measured pH values must be corrected). 

9.1 pH meters d~splay read~ngs directly In pH unlts. 
9.2 Report pH to the nearest 0.05 pH uni t  and temperature to tlie nearest 

degree In Celslus. 

10. Alternative method 

- Colori~netric method (Suess, 1982) 

NB: * Preparation of buffer standard, pH = 4.004 at 25 "C 
D~ssolve 10.12 g of potasslum hydrogen ptlthalate [KHC,H,O,I in 
d~stilled water and d~lute to 1000 ml. 

* Preparation of buffer standard, pH = 9.183 at 25 "C 



Dissolve 3.80 g of sodium borate decahydrate [Na,B,O,. lOH,O] (borax) 
in distilled water and drlute to 1000 ml. 

* Preparat~on of buffer standard. pH = 7.415 at 25 "C 
Drssolve 1.179 g of potasslum dihydrogen phosphate 1 KH,PO,I and 
4.303 g of disodiurn hydrogen pllospliate [Na,HPO,I In 1000 ml 
dlstllled water. 

YC For electrode clealii~ig refer Chapter 2.3 



CONDUCTIVITY pmhos cin-' (or pOS) Electrical Conductomet I-ic 

Working Range: I - 10,000 pnlhos cm-' ( $ ' S )  

Precision. at 100 pnlho\ an-I 8 % Accuracy - at 100 pmhos cnl' -2 02 '% 
at 1 7 10 p~ll l los cm ' 7 % dt 17 10 pnlllos cnrl -5 08 % 

Interferences: No  significant nlterferenceh 

1. Application 

Method IS applicable to potable, fresh and sa111le waters and effluents. 

2. Summary of method 

2.1 The spec~fic co~lductal~ce of a sample 1s measured by use of a self- 
contallled co~iduct~v~ty meter, Wheatstone bridge type or equivalent. 

3. Sampling 

3.1 In situ measurements 

4. Apparatus 

4.1 Conductivity bridge, range 1 to 10,000 pmhos cm-' w~th a cell constant 
of 1.0 

4.2 Thermometer 

5. Reagents and chemicals 

5.1 Coi~ductivity water 
5.2 Potassiu~n chloride [KC11 

6 .  Preparation of standards and reagents 

6.1 Conduct~vity water 
6.1. I Pass distilled water through a m~xed-bed deionizer and dlscard 

water till the co~~ductivity IS less than 1 pmhos cm-' (usually th~s 
cond~t~on is attamed w ~ t h ~ n  1 litre of water). 

6.2 Standard KC1 solutio~l (0.01 M) 
6.2.1 Dissolve 0.7456 g of pre-dried (2 hours at 105 "C) KC1 in 



conductivity water and dilute to 1 liter at 25 "C. 

7. Calibration 

7.1 Instrument must be calibrated with KC1 (0.01 M) solut~on before use, 
by adjusting the meter read~ng to the conduct~v~ty of 0.01 M KC1 
solution at the measurement temperature (1.e. sample temperature) as 
given below. 

For 0.01 M KC1 solution 
"C Conductivity fimhos cm-' 

8. Procedure 

8.1 Rlnse the cell w ~ t h  d~stliled water followed by one portlon of the 
sample water 

8.2 Measure the sample conductiv~ty and note the water temperature. 
8.3 If conversion of wnp le  coi~ductlv~ty to 25 'I('  1s des~red, 

(a) Add 2 % of the sample reading per degree ~f the temperature of 
the sample IS below 35 "('. 

(b)  Subtract 2 %  of the $ample reading per degree ~f the temperature 
of the sample IS above 25 "C. 

VB: * Temperature varratlons and correctioils represent the largest source of 
potentla1 error. 



TOTAL SUSPENDED SOLIDS ingl-' Gravimetric 

Working Range: 4 - 20.000 nlgl-' 

Interferences: Satnples wltl~ lligll concentration ot d~swlved w l ~ d s  

1.1 The metliod 1s applicable to potable, fresh and saline waters and 
effluents. 

2. Summary of method 

2.1 A known volurne of well stirred sample IS f~ltered through a 
prewelghed (dr~ed at 105 "C) glass fiber filter and the residue retalned 
on the filter IS drled to constant welglit at 103- 105 "C. 

3. Sampling 

3.1 Direct unfiltered 

4. Preservation 

4.1 If preservation of samples is not practicable. analys~s should begin as 
soon as possible. Till then store at 4 "C. 

5. Apparatus 

5.1 Glass fiber filter d~scs without organic binder (0.45 pm pore size, 4.7 
cm diameter) 

5.2 Filter~ilg apparatus with reservoir and a coarse (40 -60 microns) frltted 
disc as a filter support 

5.3 Suctlon flask 
5.4 Drying oven 
5 -5 Desrccator 
5.6 A~ialytical balance capable of welgh~ng to 0.1 mg 



6. Procedure 

Preparation of glass fiber frlter 
6.1.1 Place tlie glass f~ber filter on the membrane filter apparatus or 

Insert into the bottom of a suitable Gooch crucible with the 
wr~nkled surface facing upwards. 

6.1 2 W111le vacuum 1s applied, wash the d ~ s c  with three successive 20 
ml volulnes of dist~lled water. 

6.1.3 After water has passed through, remove all traces of water by, 
continuous appl icat~on of vacuum. 

6.1.4 Remove tlie filter from membrane f~lter apparatus, or, both 
crucible and f~lter ~f Gooch crucible is used, and dry in an oven 
at 103-105 "C for one hour. 

6.1.5 Remove tlie desiccator, cool and we~gh. 
6.1.6 Repeat the drylng cycle u n t ~ l  a constant we~ght is obtalned 
Select1011 of sample volume 
6.2.1 For a 4.7 cm diameter (0.45 pm pore size) f~lter, take 100 ml of 

sample for filtrat~on. 
6.2.2 If we~glit of retalned residue is less than 1.0 mg, the sample 

volume must be Increased to prov~de at least 1.0 mg of res~due. 
6.2.3 If other f~lter d~ameters are used, start with a sample volume 

equal to 7 mlcm-%f f~lter area and collect at least a welght of 
res~due equivalent to 1.0 ing. 

Assemble the f~lter~ng apparatus, place the prepared glass fiber filter 011 

the filter support and begin suctlon (wet the filter with a small amount 
of distilled water f~rst). 
Shake tlie sample vigorously and take predeterm~ned sample volume 
Into a graduated cylinder and then transfer it quant~tat~vely to the filter. 
Remove all traces of water by continuous appllcat~on of vacuum. 
With suct~o~i on, wash the graduated cylinder, the f~lter contalrilng non 
f~lterable res~due and the f~lter funnel wall wltli three volume portlolls 
of distilled water allow~ng complete drainage between wash~ngs. 
Remove the f~lter from the fll ter support (remove cruc~ble and filter 
from crucible adapter ~f Gooch crucrble 1s used). 
Dry at least for twelve hours at 103-105 "C in an oven. 
Cool In a desiccator and we~gh. 
Repeat 6.8-6.9 t~ll  a constant weight (difference wlthin + 0.5 mg) is 
obtained. 



7 .  Calculation 

Non f l i  terabl e r e s i d u e ,  mgl-I 

where; A = weight of f~lter (or filter + crucible) + 
res~due 111 mg 

B = we~ght of filter (or filter + cruc~ble) 111 Ing 
V = volu~ne of sainple f~ltered 111 ml 

NB: * No11 representative parttculates such as leaves, sticks, fish and luinps of 
faecal inatter should be excluded from tlie sample if tlie~r inclusion is 
not des~red in the final result. 

* Care Inust be taken In selecting the filtering apparatus for waters 
contain~ng Ii~gh dissolved solid (brrne. waste water) in order to avo~d 
reteiit~on of dissolved solids. 



TOTAL DISSOLVED SOLIDS mgl-I Gravirnetric 

I .  Application 

- 

1 .1  The inethod is appl~cable to potable, fresh and sallne waters and 
effluents. 

Working Range: 10 - 20.000 mgl-' 

Interferences. High concentrations ot dissolved calcium. rnar.llesiu111, chlor~de, sulphate and 
bicarbonate will Interfere 
Excessive residue in the dl41 lnay foml a crust wllicll entraps water that will ]lot 
be driven oft during drying 

2. Summary of method 

2 1 A known volu~ne of well st~rred sa~nple is filtered through a standard 
glass fiber filter. The filtrate IS evaporated and dried to constant we~ght 
at 180 'C. 

3. Sampling 

3.1 Direct f~ltered through 0.45 pm membrane filter 

4. Preservation 

4.1 Preserve at 4 "C. 

5. Apparatus 

Glass fiber filter d~scs w~tllout organic blnder (0.45 pm pore slze, 4.7 
cm or 2.1 cln diameter) 
Filter holder, membrane filter funnel or Gooch crucible adapter 
Suction flask, 500 ml 
Gooch cruc~ble, 25 ml (if 2.1 cm filter is used). 
Evaporat~ng d~shes (porcelain, 100 ml volume) 
S teain bath 
Drying oven 
Des lccator 
Analytical balance capable of weighing to 0.1 mg 



6. Procedure 

Preparation of glass fiber filter 
6.1.1 Place the glass fiber filter on the membrane filter apparatus or 

Insert the filter into the bottom of a suitable Gooch crucible. 
6.1.2 Wliile vacuuin is applled wash the disc with three successive 20 

ml volulnes of distllled water. 
6.1.3 After water has passed through, remove all traces of water by 

colitinuous appllcat~on of vacuuin. Discard wasl~ings. 
Preparation of evaporatiiig dishes 
6.2.1 Heat the clean dish to 180 + 2 "C for one hour in an oven. 
6.2.2 Cool in a desiccator, weigh and store until needed. 
Assemble the f~lteriiig apparatus, place the prepared filter on the filter 
support and begin suctlon (wet the filter with a small amount of 
distilled water first). 
Shake the sainple vigorously, transfer 125 ml to the funnel by means of 
a 100 ml graduated cylinder. 
Filter the sample through the glass fiber filter. 
Rinse the graduated cyliiider, the filter and the funnel wall with three 
10 ml portlolls of distllled water and coiitlnue to apply vacuum for 
about 3 minutes. 
Transfer 100 mi of the filtrate to a pre-weighed evaporatiilg dish. 
Evaporate to dryliess on a steam bath. 
Dry the evaporated sa~nple at least for one hour at 180 + 2 "C in ail 
oven. 
Cool In a desiccator and weigh. Repeat the dry~ng/weighing cycle untll 
a constant weight is obtalned or until weight loss is less than 0.5 mg. 

7. Calculation 

F i l  terabl e res ldue ,  mgl -" 

where; A = weight of the drled residue + dish in ing 
B = weight of the empty dish in mg 
V = volume of sample used in ml 

8. Alternative method 

- Direct calculation after determining respective cations and anions (APHA, 
1989). 



NB: * Hlghly mineralized and samples contalnlng high concentrations of 
b~carbonate wlll require prolonged drying at 1 80 "C. 

* Total res~due in the evaporating dish should be l~mited to about 200 
~ n g  . 



5.3 Metals 

ALUMINUM pgl-' 
Lamp: nlunnnum hollow ~athodt: 
Wavelen~th 309.3 11111 

Fuel n~etyle~ie  
Oxlda~it mtrou\ o x ~ d e  

Working Range 10 - 300 pgl ' 

Precision at 50 ~~cg1-I  f I2 c/c 
at 300 pgl-' + 10% 

Accuracy nt 40 pgI-l +5.8 % 
at 275 ~g1-I -3 5 % 

Interferences. Iron   on cent rations above 10 nigl-' 
Magt~es~utii tonns an ~nsoluhle qu~nolate at pH 8 

1 .  Application 

1.1 The method is applicable to potable, fresh and sal~ne waters and 
effluents. 

2. Summary of method 

2.1 Alumlnum is extracted Into methyllsobutyl ketone (MIBK). after 
clielat~oii w~tli 8-hydroxyqu~nol~ne. 

2 2 The extract IS aspirated dlrectly 111to AAS with a nltrous ox~de- 
acetylene flame. 

3. Sampling 

3.1 D~rect, filtered through 0 45 pm rne~nbraile filter paper. 

4. Preservation 

4.1 Acidifled w~tli nltrlc acld to pH < 1 

5 .  Apparatus 

5.1 Atolnlc Absorption Spectrophotometer 

6. Reagents, chemicals and gases 

6 1 Aluln~nuln potassium sulphate [AIK(S0,)2. 12H20] 



Conc. amlnonlurn hydroxtde INH,OH] 
Ammonlum acetate I NH,C,H,O,I 
8-liydroxyquinol~ne 
Methyl lsobutyl ketone (MIBK) [C,H,2C)I 
Glac~al acetic ac~d [CIH,O,I 
Conc. nitr~c acid (ultra pure) I HNO,] 
Conc. hydrochlor~c acid [HCI] 
N~trous ox~de [N,0] 
Co~npressed alr 
Acetylene 

7. Preparatioil of standards and reagents 

7.1 Standard Aluminum solut~on ( I  ml = 100 pg Al). Obta~n commerc~ally 
ava~lable AAS smndard or prepare manually as follows: 
7.1.1 Dlssolve 1.758 g of aluminu~n potasslum sulphate ~ndlst~lled 

water 
7.1.2 Add 1 ml of conc. nltrlc acid. 
7.1.3 Dilute to 1 l~ter with d~st~lled water. 

7.2 Worklng Aluminum solution ( 1  ml = 1.0 pg Al) 
7.2.1 Dilute 10 ml of the standard alumlnum solut~on, add~ng 1 ml of 

nltrlc ac~d,  to 1 llter w~th d~st~lled water. 
7.3 Ammonlum hydroxide-ammon~um acetate buffer 

7.3.1 Dissolve 200 g of ammonlurn acetate in dist~lled water. 
7.3.2 Add 70 ml of concentrated ammonlum liydrox~de. 
7.3.3 Dilute to 1 l~ter with dist~lled water. 

7.4 8-Iiydroxyqurnol~ne s o l u t ~ o ~ ~  
7.4.1 Dissolve 20 g of 8-hydroxyquinol~ne In a lnlxture of 57 ml of 

glacial acetlc acld and 200 ml of dist~lled water. 
7.4.2 Dllute to 1 l~ter with d~stilled water. 

7.5 MIBK saturated water/ water saturated MIBK 
7.5.1 In a separatory funnel rnix equal volumes of MIBK and water 

and separate phases carefully. 
7.5.2 Use MIBK phase (water saturated MIBK) In 9.9 and 9.12. 
7.5.3 Use water phase (MIBK saturated water) In 9.1 1. 

8 Calibration 

8.1 Prepare a blank and standard ranging In concentration from 10 pgl-' to 
300 pgl-' by appropriate dilution of the work~ng aluminum solution 
(7.2). 



8.2 Extract 100 ~ n l  of each standard and a blank following the procedure 
9.1-9.12. 

8.3 Switch on the AAS and optiin~ze instrumental parameters (refer Chapter 
1.7.4). 

8.4 Aspirate the sample blank to AAS. 
8.5 Set zero absorbance. 
8.6 Aspirate standards and record the absorbance. 
8.7 Plot the cal~brat~on curve, absorbance versus concentration of alum~num 

of the standards (in modern AAS, calibrat~on curve is auto~natically 
plotted in the data processing unlt of the instrument). 

9. Procedure 

Soak all glassware 111 hot HCl ( 1  + 1) for 2 hours. Dram and rinse at 
least 5 times with water. Dram and flush w~th methyl, ethyl or 
isopropyl alcohol. 
Measure a well mixed ac~dif~ed sample volume upto a maximum of 100 
ml into a 125 ml beaker. 
Add 0.5 ml of nltrlc acid and 5 ml of l~ydrochlor~c ac~d.  
Heat the sample on a hot plate u n t ~ l  the volume has been reduced to 10 
to 15 ml (do not boll tlie sample). 
Adjust the pH to 8 w~th concentrated ammonluln hydroxide. 
If necessary, filter the sample into a 200 ml volumetric flask and was11 
the filter paper several times w~th d~stilled water. 
Bring the volu~ne approx~~nately to 100 ml 111 a 2000 ml flask. 
Add 2 ml of 8-hydroxyquinoliiie solution and mix. 
Add 10 ml of buffer solut~on to the flask and ~m~nediately add 10 ml of 
MIBK phase. 
Shake vigorously for 15 seconds. 
After tlie layers have separated add water phase to ralse the ketone 
layer completely upto the neck of the flask. 
Asp~rate the ketone layer into the nltrous ox~de-acetylene flame and 
measure ~ t s  absorbance (aspirate MIBK phase between samples). 
Read the alum~num co~~centration in the MIBK phase from the 
calibration curve. 

10. Calculation 
100 Aluminum,pgl-I = C x  - v 

where; C = concentration from the curve 111 pgl-' 
V = sample volume as measured ~n 9.2 in ml 



1 1 .  Alternative method 

- Spectrophotolnetry wit11 catechole v~olet method (Suess, 1982) 

NB: * Interference caused by magilesluin can be avoided ~f the samples are 
extracted immediately after they are buffered to pH 8.. 



CADMIUM pgl-' 
Lanp cadmiuni hollow cathode 
Wavelength- 228.8 11111 

Fuel: acetylene 
Oxidant air 

Working Range 5 - 200 pgl-' 

Precision. at 30 pgl-' 23 % Accuracy- at 77 pgl-' -3 6 %  
at 160 pgl-' 13 % at 29 ,ugl-' -3.1 % 

Interferences Ca > 1000 nigl-I, Ph > 6 mgl I; Zn > 3 mgl-'; Cu > 1 mgl-' 

1 .  Application 

1. I Method is appl~cable to potable, fresh and sal~ne waters and effluents 

2. Summary of method 

2.1 Cadrnlum IS chelated w~th alnrnonlum pyrrolid~ne d~thiocarbomate 
(APDC) and extracted into chloroform. 

2.2 The extract 1s evaporated and treated w~th llltrlc acid to destroy organic 
matter following wh~ch the res~due 1s d~ssolved in hydrochlor~c acid. 

2.3 The cadrn~um 111 the result~ng solut~on 1s then determined by asplratlng 
to AAS. 

3. Sampling 

3.1 Direct, filtered through 0.45 pin membrane f~lter paper. 

4. Preservation 

4.1 Ac~d~fied w~th nitrlc acid to pH < I 

5. Apparatus 

5 1 Atomic Absorpt~on Spectrophotometer 

6. Reagents, chemicals and gases 

6.1 Bromphenol blue ind~cator solut~on 
6.2 AAS standard cadmium solution or cadmlum metal 



Chloroform [CHCl,] 
Ethanol or lsopropanol [C,H,OH or C,H,OH] 
Carbon d~sulf~de [CS,] 
Ammonium pyrrolidine dithiocarbamate (APDC) [C,H,NS,.NH,] 
Conc. hydrochlor~c acid [HCI ] 
Conc. nltrlc acid (ultra pure) [HNO,] 
Sod~um hydroxide [NaOH] 
Compressed air 
Acetylene 

7. Preparation of standards and reagents 

7.1 Bromphenol blue indicator solution (1 gl") 
7.1.1 Dissolve 0.1 g of bromphenol blue in 100 ml of 50% ethanol or 

lsopropanol . 
7.2 Standard Cadmium stock solut~on ( I  ml = 1 mg Cd). Obta~n 

cornrnerc~ally available AAS standard or prepare manually as follows: 
7.2.1 Dissolve 1.000 g of cadmlum metal in a m~nimum quantity of 

nitr~c acid. 
7.2.2 Dilute to 1 liter with dist~lled water. 

7.3 Intermed~ate Cadm~um solut~on (1  ~ n l  = 50 pg Cd) 
7.3.1 D~lute 50 ml of the stock solution (7.2) and I ml of nltric ac~d 

to 1 l~ter wlth distilled water (prepare weekly). 
7.4 Working standard Cadlnluln solutlon ( 1  mi = 0.5 pg Cd) 

7.4.1 D~lute 10 ml of Cd intermediate solution (7.3) and 1 ml of nltrlc 
acid to 1 l~ter with d~stilled water (prepare daily). 

7.5 Hydrochloric ac~d ( 1 +2) 
7.5.1 Add 1 volume of HCI to 2 volumes of water. 

7.6 Hydrochloric ac~d ( 1 +49) 
7.6.1 Add 1 volume of HCI to 49 volurnes of water. 

7.7 APDC/ chloroform reagent 
7.7.1 Add 9 ml of APDC to 250 ml of cliloroform. 
7.7.2 Cool the solut~on and add 7.5 ml of carbon disulf~de in small 

portions. 
7.7.3 D~lute to 500 ml w~th chloroform. 

7.8 Sodium hydrox~de solut~on (108 gl-') 
7.8.1 Dissolve 100 g of Sodium hydrox~de In 1 I of distilled water. 

8. Calibration 

8.1 Prepare cadmium standards within the linear range (5 - 200 pgl-'), 
uslng the work~ng cadmium solut~on; make all the d~lutlons uslng 



distilled water. 
8.2 Perform procedure 9.1 to 9.19 replac~ng sample with the sample blank 

(prepared in d~stilled water) and standards to preconcentrated cadmlum. 
Use 100 ml of each standard and the blank. 

8.3 Switch on the AAS and optim~ze instrumental parameters (refer Chapter 
1.7.4) 

8.4 Asp~rate the preconcentrated sample blank. * 

8.5 Set zero absorbance. 
8.6 Asp~rate preconcentrate of standards and record the absorbance. , 
8.7 Plot the calibrat~on curve, absorbance versus concentration of cadmium 

standards. 

9. Procedure 

Measure a volume of (100 ml maximum) well mixed sample into a 125 
in l beaker. 
Adjust the volume to 100 ml w~th distilled water, if necessary. 
Add 5 ml of conc. HCl. 
Heat the sample in a steam bath or on a hot plate unt~l the volume is 
reduced to 15 to 20 tnl (do not boll the sample). 
Cool and f~lter the sample into a 250 ml separatory funnel. 
Wash the filter paper w~th distilled water Into the funnel and adjust the 
volume approximately to 100 ml. 
Add 2 drops of brompl~enol blue ind~cator and mix well. 
Adjust the pH by add~ng NaOH solut~on until a blue color persists. 
Add HCl (1  +49) dropw~se until the blue color d~sappears. 
Add 2.5 ml of HCl ( 1 +49) in excess. 
Add 10 ml of APDC/chloroform reagent and shake for few mlnutes. 
Plug the tip of the separatory funnel with cotton wool, allow the phases 
to separate and dram the chlorofor~n layer Into a 100 ml beaker. 
Repeat the extract1011 w~th 10 ml of chloroform and dram the 
chloroform layer into the same beaker. 
Evaporate the chloroform layer to near dryness In a water bath under a 
well ventilated fume hood. 
Remove beaker from heat and allow residual solvent to evaporate 
without further heating. 
Add 2 ml nitric acid dropw~se and mix well. 
Evaporate the solut~on to near dryness. 
Add 2 ml of HCI (1  +2) to the beaker, and heat for 1 lnlnute while 
swirling. 
Cool and transfer the solutron quantitat~vely to a 10 mI volumetric flask 
and adjust the volume with d~stilled water. 



9.20 Asp~rate the sample to the flame and record the absorbance. 
9.2 1 Determine the concentratlon of cadmlum from the calibration curve. 

10. Calculation 

Cadmium, p g l - I  = 
C x 100 

v 

where; V = volu~ne of or~g~nal sample taken In 
9.1 111 ml 

C = cad~n~urn concentration from the 
curve 

1 I .  Alternative method 

- Spectrophotometry with dithlozone method (APHA, 1989; Fresenius, 1988) 

NB: * APDC/chloroform reagent 1s highly toxic and carbon dlsulfide IS hlghly 
flammable. 



CALCIUM mgl-I Atomic Absorption Spectrophotometric 
Lamp calc~uni holbw cathode 
Wavelength: 422.7 tlm 
Fuel acetylene 
Oxidant: air 
Flame. reduc~ng 

Working Range: 0 2 - 7 mgl-' Detection limit: 0 003 mgl-' 

Precision. at 9 mgl-' 3 % Accuracy at 9 mgl-' 99% 
at 36 mgl-' 2% at 36 ~ngl-'  99% 

Interferences: Mg > 1000 mgl"; NaIK >500 mgl-I. NO, > 500 mgl ' 

I .  Application 

1.1 The method can be used for potable, fresh and saline waters and 
effluents. 

2. Summary of method 

2.1 The sample is aspirated Into the flame where the element is atomized 
and absorbs incoming radiat~on of the hollow cathode lamp. 

2.2 Attenuation of radiation is measured as absorbance. 

3. Sampling 

3.1 Direct, filtered through 0.45 pm membrane filter paper. 

4. Preservation 

4.1 Preserve at 4 "C. 

5 .  Apparatus 

5.1 Atomic Absorption Spectrophotometer 

6. Reagents, chemicals and gases 

6.1 AAS standard calc~um solution or calcium carbonate [CaCO,] 
(anal ytlcal grade) 

6.2 Lanthanum oxide [La,03] 



6.3 Conc. hydrochloric acid [HCI] 
6.4 Compressed air 
6.5 Acetylene 

7. Preparation of standards and reagents 

7.1 Standard calcium stock solut~on (500 ppm Ca2+). Obtaln commercially 
available AAS standard or prepare manually as follows: 
7.1.1 Dissolve 1.250 g of calcium carbonate (drled at 180 "C for one 

hour before weighing) wlth a small quantity of de~onized water. 
7.1.2 Dllute to 1000 ml w~th de~onlzed distilled water. 

7.2 Worklng standard calcium solution (10 ppm Cap) 
7.2.1 Prepare a 50 fold dilution of the stock solutlon w~th deion~zed 

distilled water. 
7.3 Lanthanum chloride solut~on 

7.3.1 Dissolve 29 g of lanthanum oxide slowly in 250 ml conc.HC1 by 
addtng small portloIis at a tlme. 

7.3.2 Dllute to 500 ml with de~onlzed distilled water. 

8. Calibration 

8.1 Prepare calcium standards wlthin tlie llnear range (0.2 - 7 mgl-I), uslng 
worklng calc~u~n solution (make all the dilutions w~th deion~zed d~stllled 
water). 

8.2 To each 10 ml standard add I ml of lanthanum chloride solutlon and 
mlx well. 

8.3 Swltch on the AAS and optllnlze instrumental parameters (refer Chapter 
1.7.4). 

8.4 Asp~rate the sample blank (1.e. dist~lled water w~th 1 ml of lanthanum 
chloride). 

8.5 Set zero absorbance. 
8.6 Asp~rate standards and record the absorbance. 
8.7 Plot the cal~brat~on curve. 

9. Procedure 

9.1 Take 10 rnl of tlie sample or an aliquot of the sample diluted to 10 ml. 
9.2 Add 1.0 ml of the lanthanum chlorlde solutlon and mix well. 
9.3 Aspirate the sample and record the absorbance. 
9.4 Determine the concentration of calcium from the calibration curve. 



10. Calculation 

C a l c i u m ,  mgl-I = C x  D 

where; C - concentration of Ca from the curve 
D - - dilution factor 

I I .  Alternative method 

- EDTA titration (APHA, 1989) 

NB: * Phosphate, sulphate and aluminum interferences can be eliin~nated by 
the addition of lanthanum 1011s. 

* The nitrous oxide-acetylene flame w~ll  provide two to five times greater 
sensitivity and freedom from che~n~cal interferences. 

* The 239.9 nm 11ile inay also be used. 



CHROMIUM pgl-' 
Wavelength. 540 nrn 

11 Working Range. 10 - 500 pgl-' 

II Precision : at 1 10 pgl ' 47 8 % Accuracy at l l 0 p g l l  16 3% 

I Interferences: M o  > 200 mgl-', Hg > 200 mgl"; V > 10 times of Cr; 
Fe > 1 mgl-I 

1 .  Application 

1.1 The method is appl~cable to potable, fresh and saline waters and 
effluents. 

1.2 The procedure measures only hexavalent chromium, but other forms can 
also be determ~ned after conversion to hexavalent form. 

2. Summary of method 

2.1 All the chromium is converted to the hexavalent state by oxid~zing with 
potassium per~nanganate. 

2.2 The hexavalent cl~rom~um IS determined spectrophotometrically after 
complexation w~th d~phenylcarbaz~de in ac~d solution. 

3. Sampling 

3.1 Direct, filtered through 0.45 pm membrane filter paper. 

4 Preservation 

4.1 Acidified with n~tric acid to pH < 1 

5 .  Apparatus 

5.1 UVIVis~ble Spectrophotometer 
5.2 Separating funnels (125 ml) 

6. Reagents and chemicals 

6.1 Potassium d~chromate [K2Cr20,] 



Colic nitric ac~d [HNO,] 
Conc. sulfuric acld [H3S04] 
Methyl orange 
Hydrogen peroxide (30 %)[H20,] 
Conc. arnrnonlum hydroxide I NH,OH ] 
Potass~u~n permaiiganate [ KMnO., ] 
Sodluin az~de [NaN,J 
Diphenylcarbazide [C,,H,,N,O] 
Chloroform [CHCl,] 
Acetone [C,H,O] 
Cupferron [C,H,N(NO)ONH,] 
Conc. pl-~osphoric ac~d [H,PO,] 
Sulfuric acld (6 N)[H,SO,] 

7 .  Preparation of standards and reagents 

Standard chromium stock solution. Obtain commercially available AAS 
standard or prepare manually as follows: 
7.1.1 Dissolve 141.4 mg potaslum dlcllromate in d~stilled water and 

dllute to 1000 ml. 
Working standard chromiurn solutlon 
7.2.1 Dilute 10.0 ml of the standard stock chromium solutlon to 100 ml. 
Potassium permanganate solution 
7.3.1 D~ssolve 4 g of potasluln permanganate in 100 ml distilled water. 
Sodlum azlde solution 
7.4.1 Dissolve 0.5 g of sodium az~de in 100 ml dlst~lled water 
Diphenylcarbazide solution 
7.5.1 Dissolve 250 mg of 1.5-diphenylcarbaz~de In 50 ml acetone and 

store in a brown bottle. 
Cupferron solution 
7.6.1 Dissolve 5 g of cupferron in 100 ml d~stilled water. 
Sulfuric acid 0.2 N 
7.7.1 D~lute 17 ml 6 N H,SO, to 500 ml wlth d~st~lled water. 
H$O, (1+1)  
7.8.1 MIX one voluine of conc. HLS04 wrth one volume of dist~lled 

water. (PRECAUTION: keep the d~luting vessel in a water bath 
and add ac~d very slowly.) 

8. Calibration 

8.1 Measure appropriate aliquots of working standard chromium solutlon 



(7.2), to give 10 to 100 pg Cr, Into 250 ml beakers (volumes ranglng 
from 2.0 to 20.0 ml). 

8.2 Follow same pretreatment procedure as of the sample (9.1). 
8.3 Set zero absorbance using the blank, prepared by the procedure replacing 

the sample with deionized distilled water. 
8.4 Develop colour as for samples and measure absorbance at 540 nm. 
8.5 Plot a calibration curve, absorbance versus chromium content. 

$ 9. Procedure 

9.1 Pretreatment of sample 
9.1.1 If only hexavalent chromium 1s desired, no treatment 1s necessary. 

Directly proceed to 9.4. 
9.1.2 If total cliromium is des~red and there are molybdenum, vanadium, 

copper or iron present, proceed from 9.2 - 9.4. 
9.1.3 If the above metals are not present and total chrom~urn is deslred, 

follow the procedure described In 9.3 and 9.4. 
9.2 Removal of molybdenum, vanadium, Iron and copper with cupferron 

9.2.1 Pipette a portlon of the orig~rial sample containing 10 to 100 pg Cr 
Into a 125 ml separating funnel. 

9.2.2 D~lute to about 40 ml with distilled water and chill In an ice bath. 
9.2.3 Add 5 ml ~ce-cold cupferron solut~on, shake well and let ~t stand 

In Ice bath for 1 mlnute. 
9.2.4 Extract in a separating funnel with three successive 5 1n1 portlons 

of chloroform. 
9.2.5 Shake each portion thoroughly wlth aqueous solution, let layers 

separate, and d~scard chloroform extract. 
9.2.6 Transfer extracted aqueous solut~on to a 125 ml conical flask. 
9.2.7 Wash the funnel w~th a small amount of dist~lled water into the 

flask and boll for about 5 mlnutes and cool. 
9.2.8 Add 5 ml conc.HN0, and a minimum of 3 mI conc. H,SO, ac~d. 
9.2.9 Boll samples unt~l SO, fumes are observed. 
9.3.0 Cool and add 5 ml conc.HNO,, again boll to complete the 

decompos~tion of organlc matter. Cool again and add 25 ml of 
d~stilled water 

9.3 Oxidation of trivalent chrom~um 
9.3.1 P~pette a portion of the orig~nal sample contalnlng 10 to 100 pg Cr 

(or the total sample subjected to 9.2) into a 125 ml con~cal flask. 
9.3.2 Using methyl orange as the ind~cator, add conc.NH,OH unt~l 

solut~on IS just bas~c to methyl orange. 
9.3.3 Add H,SO, ( I  + 1)  dropwise u n t ~ l  it 1s acidic and add 1 ml 111 



excess. 
9.3.4 Adjust voluine to about 40 ml and heat to bo~ling point. 
9.3.5 Add 2 drops of the potasluin permanganate solution to give a dark 

red colour. 
9.3.6 If fading occurs, add potas~uin perinanganate dropw~se to maintain 

an excess of about 2 drops. 
9.3.7 Boil for about 2 minutes, add 1 ml of sodium az~de solution and 

contlnue boil~ng gently. 
9.3.8 If red colour does not fade after bo~l~ng  for 30 seconds add another 

1 in1 of the sodium azide solut~on. 
9.3.9 Contii~ue boiling for 1 minutes and after the colour has faded 

completely, cool and add 0.25 ml conc. H3P04. 
9.4 Colour development and measurement 

9.4.1 Use 0.2 N H,SO, and a pH meter to adjust solutlon (or~g~nal or 
treated 11-1 9.2 and 9.3) to pH 1.0 -1- 0.3. 

9.4.2 Transfer the solution to a 100 ml volumetric flask, dilute to the 
mark and mix well. 

9.4 3 Add 2.0 ~ n l  of the diphenylcarbaz~de solutlon, mix and let stand 
for 5 to 10 lniilutes for full colour development. 

9.4.4 Transfer an appropriate portion into a 1 cm cuvette and measure 
the absorbance at 540 nm. 

9.4.5 Determine the cliro~nium co~~centrat~on from the calibrat~on curve 

10. Calculation 

Chromi  um, pgl -I = 
C x 1000 

v 

where; V = volume of orig~nal sample In in1 
C = chrom~um content (pg)  of the treated sample 

as measured from the calibratio~l curve 

1 1 Alternative method 

- Atom~c absorption spectrophotmetry (APHA, 1989) 

NB: * Potent~al ~nterference~ from permanganate are elim~uated by prlor 
reduct~on with sodiu~n az~de. 

w Measure absorbance ~mmediately after complete colour development. 
* Here, the ca11brat1o1-1 curve 1s a plot between absorbance versus cliroin~uin 

content (not the chro~n~uni concentrat~on) The calculat~on, however, gives 
the chromium concelltratlun in the sample 



COPPER pgl-l 
Latnp copper hollow cathode 
Wavelength 324 7 llnl 
Fuel acetylene 
Oxidant. air 

Working Range 2 - 500 

Precision at 9 pgl-' 7 % Accuracy: at 9 pgl-' +4% 
at 36 3 25% at 36.3 pgl-' + 4  3 %  

Interferences: Cd, Pb. Ni, Zn. Co, MI], Cr > 10 mgl-' 

Application 

1. I The method is applicable to potable, fresh and saline waters and effluents. 

Summary of method 

2.1 Copper IS chelared wlth ammonium pyrrol~d~ne dith~ocarbomate (APDC) 
and extracted into cl~loroform. 

2.2 The extract is treated with nitric acid to destroy organic matter and is 
dissolved in hydrochlor~c acid. 

2.3 The copper in the resulting solut~on is then deterrn~ned by aspirating to 
AAS. 

Sampling 

3.1 Direct. filtered through 0.45 p ~ n  membrane filter paper 

Preservation 

4.1 Acidified with nitric ac~d to pH < 1 

Apparatus 

5.1 Atomic Absorption Spectrophotometer 

Reagents, chemicals and gases 

6.1 Broinphenol blue 
6.2 AAS standard copper solution or pure copper metal 



Chloroform [CHCl,] 
A~n~nonium pyrrolidine d~th~ocarbamate (APDC) [C,H,NS,.NH,J 
Ethanol or Isopropanol [C2H,0H or C,H,OH] 
Conc. hydrochloric acid [HCII 
Conc. nitric acid (ultra pure) [HNO,] 
Sulfuric acid (1 + 1) [HZS041 
Sodium liydrox~de [NaOH 1 
Compressed alr 
Acetylene 

Preparation of standards and reagents 

7.1 Bromphenol blue indicator solution ( 1  gl-') 
7.1.1 Dissolve 0.1 g of bromphenol blue rn 100 ml of 50% etlianol or 

isopropanol . 
7.2 Standard copper stock solut~on (1 in1 = 1 mg Cu). Obtain commerc~ally 

ava~lable AAS standard or prepare manually as follows: 
7.2.1 Dissolve 1 g of electrolyt~c copper in a mlxture of 15 ml nitr~c 

ac~d and 15 ml de~on~zed distilled water in a 250 ml beaker. 
7.2.2 Slowly add 4 ml of sulfuric acid ( 1  + 1) and heat until SO3 fumes 

evolve. 
7.2.3 Cool, wash down the walls of the beaker w~th deion~zed dist~lled 

water and d~lute to 1 l~ter in a volulnetr~c flask. 
7.3 Intermediate copper solutron (1  ml = 10 pg Cu) 

7.3.1 D~lute 10 ml of tlie stock solut~o~i (7.2) and I in1 of nitr~c ac~d to 
1 l~ter with de~on~zed d~stilled water. 

7.4 Work~ng standard copper solut~on ( 1 in1 = 1 pg CU) 
7.4.1 D~lute 10 ml of tlie ~ntermed~ate copper solution (7.3) to 100 ml 

w~tli deion~zed d~stilled water 
7.5 Hydrocliloric acid (1 +2) 

7.5.1 Add 1 volu~ne of HCI to 2 volumes of deion~zed d~stilled water. 
7.6 Hydrochloric ac~d ( 1 +49) 

7.6.1 Add 1 volume of HCI to 49 volumes of de~on~zed d~stilled water 
7.7 APDC/cliloroform reagent 

7.7.1 Add 36 ml of APDC to 1 liter of chloroform. 
7.7.2 Cool the solution and add 30 ml of carbon d~sulfide in small 

portions. 
7.7.3 D~lute to 2 l~ters w~th chloroform. 

7.8 Sod~u~n liydrox~de solution ( 100 gl-') 
7.8.1 Dissolve 100 g of sodium hydrox~de 111 d~stilled water and dilute 

to 1 liter. 



8. Calibration 

8.1 Prepare copper standards with111 the linear range (2 - 500 pgl-'), uslng 
worklng copper SOIU~IOII .  Make all the d~lutions using deionlzed d~stllled 
water. 

8.2 Switch on the AAS and optllnlze ~nstrumental parameters (refer Chapter 
1.7.4). 

8.3 Aspirate the sample blank (prepared by the procedure 9.1 - 9.19 replac~ng 
the sample with delonlzed distilled water). 

8.4 Set zero absorbance. 
8.5 Aspirate standards prepared by the procedure 9.1-9.19 replacing the 

sample with standards and record the absorbance. 
8.6 Plot the callbratlon curve, absorbance versus copper concentratlon of 

standards. 

9. Procedure 

Measure a volume of (100 ml maximum) well mlxed sample lnto a 125 
ml beaker. 
Adjust the volulne to 100 ml with deionlzed distilled water, if necessary. 
Add 5 ml of conc. HCI. 
Heat the sample 111 a steam bath or on a hot plate untll the volume has 
reduced to 15 to 20 ml (do not boll the sample). 
Cool and filter the salnple Into 250 ml separatory funnel. 
Wash the fllter paper with dtstllled water Into the funnel and adjust the 
volume approx~mately to 100 ml. 
Add 2 drops of bromphenol blue indicator and mix well. 
Adjust the pH untll a blue color persists, by addlng NaOH solutlon. 
Add HCI ( 1  +49) dropwlse until the blue color disappears. 
Add 2.5 ml of HCI (1 +49) in excess. 
Add 10 ml of APDC/chloroform reagent and shake for few minutes. 
Plug tlie tlp of the separatory funnel wlth cotton wool, allow the phases 
to separate and drain the chloroforln layer Into a 100 ml beaker. 
Repeat the extraction wlth 10 ml of chloroforln and dram the chloroform 
layer ~nto the same beaker. 
Evaporate the solut~on (chloroform layer) to near dryness in a water bath 
under a well ventilated fume hood. 
Remove beaker from heat and allow residual solvent to evaporate without 
further heatlng. 
Add 2 ml nltrlc acid dropwise and mix well. 
Evaporate tlie solutlon to near dryness. 



9.18 Add 2 ml of HCl (1+2) to the beaker, and heat while swirling for 1 
minute. 

9.19 Cool and transfer the solut~on quantitatively to a 10 ml volumetric flask 
and adjust the volume with delonlzed d~stilled water. 

9.20 Asplrate tlie sample to the flame and record the absorbance. 
9.2 1 Determine the concentration of copper froin the calibration curve. 

10. Calculation 

Copper, p g l - l  = 
C x 100 

v 

where; V = volume of orlginal sample taken 111 

9.1 (in ml) 
C - - copper concentration from the 

calibration curve 

1 1. Alternative method 

- Spectrophotometry with neocuprolne method (APHA, 1989) 

NB: * APDClchloroform reagent IS highly tox IC and carbon disul fide is highly 
flammable. 



IRON mgl-' Atomic Absorption spectrophotometric 
La111p Iron hollow catliode 
Wavelength 248 3 imi 
Fuel acetyletie 
Oxldant air 
Flame. oxld~zing 

0 3 - 5 mgl-' Detection limit 0 02 tiipl ' 

Precision at 435 pgI-' 42% 
at 855 pgl ' 20% 

Accuracy at 435 pgI ' O 7 % 
at 855 pgl-I 1 8 %  

11 Interferences- Clleai~crl ~ l l t r r t e re l~~e  resulted by low tlnnle e l  
I Application 

1 . 1  The lnetliod can be used for potable, fresh and sallne waters and effluents 

2 1 The sample IS aspirated 11ito the flame where tlie element is atoln~zed and 
absorbs lncomlng radlatlon of the hollow cathode lamp 

2.2 Attenuation of rad~atlon is measured as absorbance 

3. Sampling 

3.1 Direct, f~ltered through 0.45 pin membrane filter paper. 

4. Preservation 

4 1 Preserve at 4 'C. 

5. Apparatus 

5.1 Atomic Absorption Spectrophotometer 

6. Reagents, chemicals and gases 

6 1 AAS standard iron solution or pure Iron wlre 
6.2 Conc. nltrlc acld (ultra pure) [HNO,] 
6.3 Compressed air 
6 4 Acetylene 



7. Preparation of standards and reagents 

Standard iron stock solution (1000 ppm). Obta~n commercially available 
AAS standard or prepare manually as follows: 
7.1.1 We~gh 1.000 g of pure lron wlre. 
7.1.2 Dissolve 111 5 ml ultra pure HNO,, warlnlng if necessary. 
7.1.3 When dissolution is complete, dilute up to 1 l~ter with deionized 

d~stilled water. 
Work~ng standard iron solut~on (10 ppm) . 
7.2.1 Prepare a 100 fold d~lution of the stock solutton us~ilg de~on~zed 

distilled water. 

8. Calibration 

8.1 Prepare a serles of standards using the working standard iron solution 
w~thin the linear range (0.3 - 5 mgl-') as requ~red. 

8.2 Asp~rate a blank consisting of the same n~tric acid concentratlon as of the 
standards, prepared wrch distilled water and set zero absorbance. 

8.3 Asp~rate a standard iron solut~o~l and adjust aspiration rate of the nebul~zer 
to obtain maximum response. 

8.4 Aspirate the blank aga~rand rezero the instrument. 
8.5 Asp~rate standards and record absorbances. 
8.6 Plot the cal~brat~on curve, absorbance versus concentratlon of Iron. 

9. Procedure 

9.1 Take a sample or an aliquot w~th appropriate dilut~on of 10 ml volume. 
9 2 Asp~rate the sample and record the absorbance. 
9.3 Determ~ne the concentration of lron from the curve. 

10. Calculation 
Iron, m g l - l  = C x D  

where; C - - concentration of Fe from the curve 
D - - d~lutlon factor 

1 I. Alternative method 

- Spectrophotoinetry with 2,2' bipyrld~ne method (Fresenius, 1988) 

NB: * The follow~ng wavelengths also may be used, 
248.8 nm, 271.9 nm, 302.1 nm, 252.7 nm, 372.0 nm. 



LEAD pgl-' 
Lanlp: lead hollow cathode lamp 
Waveletigth. 283.3 ]mi 
Fuel. acetylene 
Oxldal~t air 

Working Range. 100 - 1000 

Precision : at 100 pgl-' 18 % Accuracy. at 100pgl-' -13.9% 
at 800 pgl-' 16% at 800 pgl" - 15 8 % 

Interferences. excessive amounts of BI, Th, and Sn 

1 .  Application 

1.1 The method is applicable to potable, fresh and saline waters and effluents 

2. Summary of method 

2.1 Lead is chelated with ammonium pyrrol  dine dithiocarbomate (APDC) and 
extracted with chloroform. 

2.2 The extract is treated w~th nitric acid to destroy organlc matter and is 
d~ssolved in hydrochloric acid. 

2.3 The lead in the result~ng solution is then determined by aspirating to AAS. 

3. Sampling 

3.1 Direct, filtered through 0.45 pm membrane filter paper. 

4. Preservation 

4.1 Acidified with nitric acid to pH < 1 

5 .  Apparatus 

5.1 Atomic Absorpt~on Spectrophotoineter 

6. Reagents, chemicals and gases 

6.1 Bromphenol blue 
6.2 AAS standard lead solution or lead nitrate (analyt~cal grade) [Pb(NO,)?] 
6.3 Chloroform [CHCl,] 



Ethal-rol or Isopropanol JC2H,0H or C,H,OH] 
A~n~noniuln pyrrolidrne ditlirocarbainate (APDC) [C,H,NS,. NH,] 
Colic. hydrocliloric ac~d 1 HCll 
Conc. nitric acid (ultra pure) [HNO,] 
Sodiuin hydrox~de [ NaOH 
Carbon disulfide [ CSz 1 
Compressed alr 
Acetylene 

7 Preparation of standards and reagents 

Bro~npheiiol blue ind~cator solution ( I  gl-I) 
7.1 1 Dlssolve 0. I g of bromplienol blue In 100 ml of 50% ethanol or 

~sopropanol . 
Standard stock lead solutiori ( 1  ml - 200 pg Pb) Obtain co~n~nercrally 
ava~lable AAS standard or prepare manually as follows. 
7.2.1 Dissolve 0.3198 g of lead nitrate In a sinali amount of de~on~zed 

d~stilled water containing 1 1n1 of nitrlc acid and d~lute to 1 liter 
Intermed~ate lead solut~on' (1  ml - 2 pg Pb) 
7.3 1 Dilute 10 ml of stock solution (7.2) and 1 ml of nitric acrd to 1 

Iiter with deron~zed d~st~lled water. 
Work~ng standard lead solut~o~i ( I mi = 0.2 pg Pb) 
7 4.1 D~lute 10 ml of ~iiterrnedlate lead solution (7.3) and 1 in1 of nltrlc 

acld to 100 ml with de~on~zed d~strlled water 
Hydrochlor~c ac~d ( 1 +2) 
7.5.1 Add 1 volurne of HCl to 2 volumes of de~oiiized drstrlled water. 
Hydrochloric ac~d ( 1 +49) 
7.6.1 Add 1 voluine of HCI to 49 volulnes of deron~zed d~striled water 
APDC/chloroforn-r reagelit 
7.7.1 Add 36 ~iil of APDC to 1 liter of chloroform. 
7.7.2 Cool the solut~on and add 30 ml of carbon d~sulfide In small 

portions. 
7.7.3 Dilute LO 2 liters wrt!~ chloroforn~ 
Sod~uin liydrox~de sotutlon ( 100 gl-I) 
7 8.1 Dissolve 100 g of ~ o d ~ u ~ n  hydroxide ~n dlstllled water and d~lute 

to 1 liter. 

8 Calibration 

8.1 Prepare lead standard5 w ~ t h r n  the I~near- range ( 100 - 1000 pgl-'). uslng 
work~ng iead SOILI~IO~I.  Make all the d~lut~onq using deron~zed dist~lled 



water. 
8.2 Sw~tcli on the AAS and optimlze ~iistrumental parameters (refer Chapter 

1.7.4). 
8.3 Aspirate the sample blank (prepared by the procedure 9.1 - 9.19 replac~ng 

the sample w~th dist~lled water). 
8.4 Set zero absorbance. 
8.5 Aspirate standards prepared by tlie procedure 9.1 to 9.19 replacing the 

sample w~th standards and record the absorbance. 
8.6 Plot the callbration curve. absorbance versus concentrat~on of lead 

standards. 

9 Procedure 

Measure a volume of (100 mi maximum) well in~xed sample ~nto a 125 
m l beaker. 
Adjust the volunie to 100 1111 w~tll d~stllled water, if necessary. 
Add 5 rnl of conc. HCI. 
Heat the sample 011 a steam bath or a hot plate u i i t ~ l  the volume has 
reduced to 15 to 20 ~ n l  (do not boll the salnple). 
Cool and filter tlie sample into 250 ml separatory funnel. 
Wash the f~lter paper wtth distilled water in  to the funlie1 atid adjust tlie 
volu~ne approx~~natel y to 100 1111. 
Add 2 drops of bromplienol blue ~ndlcator and tnlx well 
Adjust the pH until a blue color perslsts by addliig NaOH solution 
Add f-IC1 (1+49) dropw~se until the blue color disappears. 
Add 2.5 ml of HCI (1+49) 111 excess. 
Add 20 ml of APDClcliloroform reagent and shake for few minutes. 
Plug the tip of the separatory funnel w~th cotton wool, allow the phases 
to separate and drain the chloroform layer into a 100 ml beaker 
Repeat tlie extraction with 10 ml of chloroform and draln the chloroform 
layer Into the saine beaker 
Evaporate the solut~on (chloroform layer) to near dryness i n  a water bath 
under a well vent~lated fume hood. 
Remove beaker from heat and allow resrdual solvent to evaporate w~tliout 
further heating. 
Add 2 in1 111tric acid dropw~se and mrx well. 
Evaporate tlie solution to near dryness. 
Add 2 ml of I-ICI ( 1  +2) to tlie beaker. and heat wlille swlrling for 1 
mlnute. 
Cool and transfer tlie sslut~oi~ quaiit~tatively to a 10 in1 volu~netrlc flask 
and adjust tlie volu~ne with distilled water. 



9.20 Aspirate the sample to the flaine and record the absorbance. 
9.21 Determ~ne the concentration of lead from the calibration curve. 

10. Calculation 

Lead,  pg l - l  = C x 100 v 

where; V = volume of original sample taken in 
9.1 (ml) 

C - - lead concentration from the 
calibrat~on curve 

1 1. Alternative method 

- Spectrophotoinetric with dith~zone method (APHA, 1989) 

NB: * APDC/chloroform reagent and lead salts are h~ghly toxic and carbon 
d~sulfide is highly flammable. 



MAGNESIUM mgl-' Atomic Absorption spectrophotometric 
Lamp. magnesium hollow cathode 
Wavelength 285.2 1m1 

Fuel acetylene 
Oxidant. air 
Flame: oxidizing 

Working Range: 0.02 - 0.5 mgl-' Detection limit 0.0005 mgl-' 

Precision at 0.2 n~gl- '  10.5 % Accuracy at 0.2 nigl-' 6.3 % 

Interferences: Chemical interference resulted by low flame 

1. Application 

The method is applicable to potable, fresh and saline waters and effluents. 

2. Summary of method 

2.1 The sample is aspirated into the flame of AAS where the element IS 

atomized and absorbs incoming radiation of the hollow cathode lamp. 
2.2 Attenuation of radiation is measured as absorbance. 

3. Sampling 

3.1 Dlrect, filtered through 0.45 pm membrane filter paper. 

4. Preservation 

4.1 Preserve at 4 "C 

5 .  Apparatus . 

5.1 Atom~c Absorption Spectrophotometer 

6. Reagents, chemicals and gases 

6.1 AAS standard magnesium solutlon or magnesium oxide (analytical grade) 
1MgOl 

6.2 Conc. nitrlc acid (ultra pure) [HNO,] 
6.3 Lanthanum oxide [La,O,] 
6.4 Compressed air 



6.5 Acetylene 

7. Preparation of standards and reagents 

7.1 Standard magnesium stock solution (500 ingl-' Mg) Obtalii commercially 
ava~lable AAS standard or prepare manually as follows: 
7.1.1 Dissolve 0.829 g of magnesium ox~de in  10 ml of ultra pure HNO; 

and dilute to I l~ter with de~orilzed dlst~lled water. 
7.2 Working standard magnesruin solution (5 mgl-' Mg) 

7.2.1 Prepare a 100 fold dilutlon of the stock solutlon (7.1) with 
deionized dist~lled water. 

7.3 Lantlianuin cliloride solution 
7.3.1 D~ssolve 29 g of lanthanum ox~de slowly in 250 mi conc HCI by 

adding small portlon at a time. 
7.3.2 D~lute to 500 ml w~th deion~zed dlst~lled water. 

8. Calibration 

8.1 Prepare mag~ies~uln standards w~thin the linear range (0.02 - 0.5 ingl-I), 
using working magneslum solutio~i. Make all the d~lut~ons using deion~zed 
d~st~lled water. 

8 2 To each 10 ml standard add 1 ml of lanthanum chlorlde solution and mlx 

well. 
8.3 Sw~tch on the AAS and optlmlze ~nstrumental parameters (refer Chapter 

1.7.4). 
8.4 Aspirate the sainple blank (1.e. distilled water w~tli 1 ml of lanthanum 

chloride). 
8.5 Set zero absorbance. 
8.6 Aspirate standards and record the absorbance. 
8 7 Plot tlie cal~bratlon curve, absorbance versus concentration of magneslum 

9. Procedure 

9 1 Take 10 ml of the sample or an allquot of the sample d~luted to 10 ml. 
9.2 Add 1.0 ml of tlie lantliaiium chloride solut~oii and mix well. 
9.3 Asplrate the sample and record the absorbance. 
9.4 Deterinme the coiiceiitrat~on of magneslum from calibration curve. 

Magnesium, mgl-I = C x D  



where; C = concentration of Mg from the curve 
D - - dllution factor 

1 1. Alternative method 

- EDTA titratlon (APHA, 1989) 

NB: * The interferences caused by aluminum at concentrations > 2 mgl-' are 
I masked by addit1011 of lanthanum. 

* The wavelength 202.5 nm also may be used. 



MANGANESE mgl-' Atomic Absorption spectrophotometric 
Lanip mangaiiese hollow cathode 
Wavele~igth: 279.5 nin 
Fuel. acetylene 
Oxidant. alr 
Fla~~itt oxidizii~g 

Working Range: 0.1 - 3 n~gl-' Detection limit 0 01 mgl-' 

Precision at 104 30% Accuracy at 104 pgl-' -2.1 5% 
at 432 pgl-' 16% at432pgI-' +1.5% 

Interferences: Cl~eniical ii~terfere~lce resulted by low flan~e 

1 . Application 

1.1 The method is appl~cable for potable, fresh and saline waters and 
effluents. 

2. .  Summary of method 

2.1 The sample IS aspirated into the flame of AAS where the element is 
atomized and absorbs lncolnlng radiat~on of the hollow cathode lamp. 

2.2 Attenuation of radiation is measured as absorbance. 

3.  Sampling 

3.1 D~rect, filtered through 0.45 pm membrane filter paper. 

4. Preservation 

4.1 Preserve at 4 'C 

5. Apparatus 

5.1 Atomic Absorption Spectrophotometer 

6. Reagents, chemicals and gases 

6.1 AAS standard manganese solut1o11 or pure manganese metal 
6.2 Conc. nitr~c ac~d (ultra pure) [FINO,] 
6.3 COIIC. hydrochlor~c acid [HCll 



6.4 Compressed air 
6.5 Acetylene 

7.  Preparation of standards and reagents 

7.1 Standard manganese stock solution (1 000 mgl-' Mn). Obtaln commerc~all y 
available AAS standard or prepare manually as follows: 
7. I. 1 Welgh 1.000 g of manganese metal. 
7.1.2 Dissolve in 10 ml of ultra pure HNO,. 
7.1.3 When dissolut~on IS complete, d~lute to 1 liter with 1 % HCl. 

7.2 Working standard manganese solution (10 mgl-' Mn) 
7.2.1 Prepare a 100 fold dllution of the stock solutlon wlth delonlzed 

dist~lled water. 

8 Calibration 

8.1 Prepare a series of manganese standards withln the range required (0.1 - 
3 mgl-'), using the worklng standard manganese solutlon (7.2). 

8.2 Asplrate a blank cons~st~ng of the same nitric acid concentratlon as of the 
standards, prepared in dist~lled water and set zero absorbance 

8.3 Asplrate a standard solution and adjust aspirat~on rate of the nebulizer to 
obtaln maxlmum response. 

8.4 Aspirate the blank again and rezero the Instrument. 
8.5 Aspirate standards and record absorbances. 
8.6 Plot the calibration curve, absorbance versus concentratlon of manganese. 

9. Procedure 

9.1 Take a sample or an aliquot wlth appropriate dllution of 10 ml volume. 
9.2 Asplrate the sample and record the absorbance. 
9.3 Determine the concentration of manganese from the curve. 

10. Calculation 

Manganese, mgl l- = C x D 

where; C - concentration of Mn from the curve - 

D - - d~lut~on factor 



1 1. Alternative method 

- Spectrophotometry with persulfate method (APHA, 1989) 

NB: * The wavelength 403.1 nm also may be used. 



NICKEL pgl-' 
Lamp: nickel hollow cathode 
Wavelength: 232.0 11m 

Fuel. acetylene 
Oxidaiit air 

Working Range. 10 - 1000 pgl-' 

Precision- at 399 4 pgl-' 9% Accuracy: at 399.4 pgl-' -0 2 % 
at 794.4 pgl-' 17 % at7944pgl" -11.7% 

Interferences. Cd, Pb, Cu, Zn, Co, Cr > 10 mgl-' 

1 .  Application 

1.  I Method is applicable to potable, fresh and saline waters and effluents. 

2. Summary of method 

2.1 Nickel is chelated with ammonium pyrrolidine dlthiocarbomate (APDC) 
and extracted into chloroform. 

2.2 The extract is treated with nltrlc acld to destroy organlc matter and is 
d~ssolved In hydrochloric acid. 

2.3 The nickel in the resulting solution is then determined by aspirating to 
AAS. 

3. Sampling 

3.1 Direct, filtered through 0.45 pm membrane filter paper. 

4. Preservation 

4.1 Acidified w~th nitric acid to pH < 1 

5. Apparatus 

5.1 Atomlc Absorption Spectrophotometer 

6. Reagents, chemicals and gases 

6.1 Bromphenol blue 
6.2 AAS standard n~ckel solution or nickelous nltrate (analytical grade) 



[NI(NO~)~.  6Hz0] 
Cl~loroform [CHCI,] 
Ammon~um pyrrolidine d~th~ocarbamate (APDC) [C,H,NS,. NH,] 
Ethanol or Isopropanol [C,H,OH or C,H,OHI 
Conc. hydrochlor~c acid 1 HCl 1 
Conc. nitr~c acid (ultra pure) I HNO,] 
Sodium hydroxide [NaOH] 
Compressed air 
Acetylene 

7. Preparation of standards and reagents 

7.1 Bromplienol blue rnd~cator solutron (1  gl-') 
7.1.1 Dissolve 0. 1 g of bromphenol blue in  100 ml of 50% ethanol or 

isopropanol. 
7.2 Standard n~ckel stock solution ( I  ml = 200 pg NI). Obta~n commercially 

available AAS standard or prepare manually as follows: 
7.2.1 D~ssolve 0.9906 g of n~ckelous n~trate In deionized dlst~lled water 

containing 1 ml of nitr~c ac~d. 
7.2.2 D~lute to I liter w~th deion~zed dist~lled water. 

7.3 Working standard nickel solut~on (1 ml = 2 pg NI) 
7.3.1 Dilute 10 ml of n~ckel stock solution (7.2) and 1 ml of nitric acid 

to 1 liter wlth deionized distilled water. 
7.4 Hydrochloric acid ( 1 +2) 

7.4.1 Add 1 volume of HCl to 2 volu~nes of de~onized d~st~lled water. 
7.5 Hydrochloric acid (1 +49) 

7.5.1 Add I volume of HCl to 49 volumes of deionized distilled water. 
7.6 APDClchloroform reagent 

7.6.1 Add 36 ml of APDC to 1 l~ter of chloroform. 
7.6.2 Cool the solution and add 30 ml of carbon disulfide in small 

portions. 
7.6.3 Dilute to 2 l~ters w~th chloroform. 

7.7 Sod~um hydrox~de solut~on (100 gl-') 
7.7.1 Dissolve 100 g of sodium hydroxide In dist~lled water and d~lute 

to 1 liter. 

8. Calibration 

8.1 Prepare nickel standards uslng working nickel solut~on within the linear 
range (10 - 1000 &'). Make all the dilutions using deion~zed d~stllled 
water. 



8.2 Swltch on the AAS and optimize instrumental parameters (refer Chapter 
1.7.4). 

8.3 Aspirate the salnple blank (prepared by the procedure 9.1 - 9.19 replacing 
the sample wlth deionized distlIled water). 

8.4 Set zero absorbance. 
8.5 Aspirate standards prepared by the procedure 9.1 - 9.19 replacing the 

sample w~th standards and record the absorbance. 
8.6 Plot the calibration curve, absorbance versus concentration of nickel 

standards. 

9. Procedure 

Measure a volulne of (100 ml max~murn) well mlxed sample Into a 125 
ml beaker. 
Adjust the volume to 100 ml with distilled water, if necessary. 
Add 5 ml of conc. HCI. 
Heat the sample In a steam bath or on a hot plate until the voluine has 
reduced to 15 to 20 ml (do riot boil the sample). 
Cool and filter the salnple Into 250 ml separatory funnel. 
Wash the f~lter paper wlth dist~lled water Into the funnel and adjust the 
volume approx~mately to 100 ml. 
Add 2 drops of bromphenol blue ind~cator and mlx well. 
Adjust the pH unt~l a blue color persists, by adding NaOH solution. 
Add HCI (I f 4 9 )  dropwlse untll the blue color disappears. 
Add 2.5 ml of HCI ( 1  +49) in excess. 
Add 10 ml of APDC/chloroform reagent and shake for few mlnutes. 
Plug the tip of the separatory funnel wlth cotton wool, allow the phases 
to separate and drain the chloroform layer into a 100 ml beaker. 
Repeat the extraction with 10 ml of chloroform and drain the chloroform 
layer into the same beaker. 
Evaporate the solution (chloroform layer) to near dryness in a water bath 
under a well ventilated fume hood. 
Remove beaker from heat and allow residual solvent to evaporate without 
further heating. 
Add 2 ml nltrrc acrd dropwise and lnrx well. 
Evaporate the solutlon to near dryness. 
Add 2 ml of HCI (1+2) to the beaker, and heat whlle swlrling for 1 
minute. 
Cool and transfer tile solutlon quantitatively to a 10 ml volumetric flask 
and adjust the volume with deionized distilled water. 
Asp~rate the sample to the tlarne and record the absorbance. 



9.21 Determine the concentration of nickel from the calibration curve. 

10. Calculation 

N i c k e l ,  pgl-' = 
C x 100 

v 

where; V = volume of original sample taken in 
9.1 (ml) 

C - - concentration of nickel from the , 

calibration curve 

1 1. Aiternative method 

- Spectrophotometry with dimethyl glyoxime method (APHA, 1989) 

NB: * APDCIchloroform reagent 1s highly toxic and carbon disulfide is highly 
flammable. 



POTASSIUM mgl-' 
Wavelengtli. 766.5 ilrn 

Fuel. acetylene 
Oxidant: air 

Working Range > 0.1 n~gl-I Detection limit: 0.01 nigl-' 

Precision - at 3.1 mgl-' 15.5 % Accuracy- at 3.1 mgl-' 2.3 % 

Interferences: Ca - If CaeK > 10: 1 ,  Mg - If Mg:K > 100: 1 ;  Na - If Na:K > 5: 1 

1. Application 

1.1 The method is applicable for potable, fresh and saline waters and 
effluents. 

2. Summary of method 

2.1 The sample is asp~rated into the flame of AAS where the element is 
atomized and excited. 

2.2 The radiation emitted during de-excitation process is measured. 

3. Sampling 

3.1 Direct, filtered through 0.45 pm membrane filter paper. 
4. Preservation 

4.1 Preserve at 4 'C. 

5 .  Apparatus .+ 

5.1 Atomic Absorption Spectrophotometer with emisslon mode. 

6. Reagents, chemicals and gases 

6.1 AAS standard potassium solution or potassium chloride (analytical grade) 
[KC11 

6.2 Compressed air 
6.3 Acetylene 



7. Preparation of standards and reagents 

7.1 Standard potasslum stock solutlon (100 mgl-' K). Obtain commerc~ally 
available AAS standard or prepare manually as follows: 
7.1.1 Dissolve 0.1907 g of potaslum chlorlde (drled at 110 OC) in 

deionized distilled water. 
7.1.2 Make up to 1 her. 

7.2 Worklng standard potasslum solution (10 mgl-' K) 
7.2.1 Prepare a 10 fold d~lut~on of the stock solution (7.1) with s 

deionized distil led water. 

8. Calibration 

8.1 Prepare a blank and potassium standards covering the working range by 
dlluting the working standard potassium solutlon. 

8.2 Aspirate the blank and set zero emission at 766.5 nm. 
8.3 Startlng with the highest callbration standard, measure the emission at the 

same wavelength. 
8.4 Plot a calibration curve of atomlc em~ssion versus concentratlon of 

potassium. 

9. Procedure 

9.1 Measure emission of the samples at 766.5 nm. 
9.2 Determine concentration from the cal~brat~on curve. 

10. Calculation 

P o t a s s i u m ,  mgl- '  = C x D 

where; C - concentration of K from the curve - 

D - - dilut~on factor 

1 1. Alternative method 

- Flame photometr~c method (APHA, 1989) 



SODIUM mgl-' 
Wavelength. 589.6 nm 
Fuel acetylene 
Ox~dant: air 

Working Range: > 0 1 mgl-' Detection limit- 0.01 mgl-' 

Precision . at 19 9 mgl-' 17.3 % Accuracy at 19.9 mgl-' 4 0% 

Interferences: K - If K Na > 5: 1 ;  Ca- If Ca Na > 10 1 

1. Application 

1.1 The method is applicable to potable, fresh and saline waters and effluents. 

2. Summary of method 

2.1 The sample is aspirated into the flame of AAS where the element is 
atomized and excited. 

2.2 The rad~ation emitted during de-excitation process is measured. 

3. Sampling 

3.1 Direct, filtered through 0.45 pm membrane fllter paper. 

4. Preservation 

4.1 Preserve at 4 OC. 

5.  Apparatus 

5.1 Atomic Absorption Spectrophotometer wrth emission mode 

6. Reagents, chemicals and gases 

6.1 AAS standard sodium solution or sodium chloride [NaCI] 
6.2 Compressed air 
6.3 Acetylene 



7. Preparation of standards and reagents 

7.1 Standard sodium stock solution (1000 mgl-' Na). Obta~n commercially 
available AAS standard or prepare manually as follows: 
7.1.1 Dissolve 2.542 g sodium chloride (dried at 140 'C )  in deion~zed 

distilled water and make up to 1000 ml. 
7.2 Working standard sodium solution (10 mgl-' Na) 

7.2.1 Prepare a 100 fold dilut~on of the stock solut~on (7.1) w~th 
deionized distilled water. 

8. Calibration 

8.1 Prepare a blank and a serles of sodium standards covering the working 
range by diluting the working standard sodium solution. 

8.2 Aspirate the blank and set zero emiss~on at 589.6 nm. 
8.3 Starting with the highest calibration standard, measure emission at the 

same wavelength. 
8.4 Plot a calibration curve of atomic emission versus concentration of sodium. 

9. Procedure 

9.1 Measure emission of the samples at 589.6 nm. 
9.2 Determine concentration from the calibration curve. 

10. Calculation 

Sodium,  mgl  = C x D 

where; C - concentration of Na from the curve - 

D - - dilution factor 

1 1. Alternative method 

- Flame photometric method (APHA, 1989) 



ZINC pgl-' 
Lamp: zlnc hollow cathode 
Wavelength: 2 13.8 nni 
Fuel: acetylene 
Oxidant- air 

Working Range. 1 - 200 ~lg1-I 

Precision : at 10 ~lg1-l 160 % Accuracy: at 75.6 ~lg1-l + 8.1 5% 
at 170 flgl-' 14 % at 172flgl-I +7.5% 

Interferences: Small quantities of Bi, Cd, Co, Cu, Au, Pb, Hg, Ni, Ag and Sn 

Application 

1.1 The method is applicable to potable, fresh and saline waters and effluents. 

Summary of method 

2.1 Zinc is chelated with ammonium pyrrolidine dith~ocarbomate (APDC) and 
extracted into chloroform. 

2.2 The extract is treated with nitric acid to destroy organic matter and is 
dissolved in hydrochloric acid. 

2.3 The zinc in the resulting solution is then determined by aspirating to AAS. 

Sampling 

3.1 Direct, filtered through 0.45 pm membrane filter paper. 

Preservation 

4.1 Acidified with nltric acid to pH < 1. 

Apparatus 

5.1 Atomic Absorption Spectrophotometer 

Reagents, chemicals and gases 

6.1 Bromphenol blue 
6.2 AAS standard zinc solution or zinc oxide (analytical grade) [ZnO] 
6.3 Ammonium pyrrolidine dithiocarbamate (APDC) [C,H,NS,.NH,] 



Chloroform [CHCI,] 
Carbon disulfide [CSJ 
Ethanol or Isopropanol [C,H,OH or C,H,OH] 
Conc. hydrochloric acid [HCI] 
Conc. n~tric acid (ultra pure) [HNO,] 
Sodium hydroxide [NaOH] 
Compressed air 
Acetylene 

7. Preparation of standards and reagents 

Bromphenol blue indicator solution ( I  gl") 
7.1.1 Dissolve 0.1 g of bromphenol blue In 100 ml of 50% ethanol or 

isopropanol. 
Standard zlnc stock solution (1 ml = 1 mg Zn). Obtain commercially 
available AAS standard or prepare manually as follows: 
7.2.1 D~ssolve 1.245 g of zinc oxide in a mixture of 10 ml of nitr~c acid 

and 10 ml of deionized distilled water and dilute to 1 I~ter. 
Intermediate zlnc solution (I ml = 0.1 mg Zn) 
7.3.1 D~lute 100 ml of stock solut~on (7.2) and 1 ml of nitr~c acid to 1 

liter with deion~zed d~stilled water. 
Working standard zinc solution (1 ml = I pg Zn) 
7.4.1 Dilute 10 ml of zinc intermediate solut~on (7.3) and 1 ml of nitr~c 

acid to 1 liter with deionized dist~lled water. 
Hydrochloric acid (1 +2) 
7.5.1 Add 1 volume of HCI to 2 volumes of deionized distilled water. 
Hydrochloric ac~d (1 +49) 
7.6.1 Add 1 volume of HCl to 49 volumes of deionized distilled water. 
APDC/chloroform reagent 
7.7.1 Add 36 ml of APDC to 1 liter of chloroform. 
7.7.2 Cool the solution and add 30 ml of carbon disulfide in small 

portions. 
7.7.3 Dilute to 2 liters with chloroform. 
Sodium hydroxide solution (100 gl-l) 
7.8.1 Dissolve 100 g of sodium hydroxide in distilled water and dilute 

to 1 liter. 

8. Calibration 

8.1 Prepare zinc standards within the linear range ( 10 - 1000 pgl-'), using 
working zinc solution. Make all the dilutions using deion~zed distilled 



water. 
8.2 Switch on the AAS and optimize instrumental parameters (refer Chapter 

1.7.4). 
8.3 Aspirate the sample blank (prepared by the procedure 9.1 - 9.19 replacing 

the sample with deionized distilled water). 
8.4 Set zero absorbance. 
8.5 Aspirate standards prepared by the procedure 9.1 - 9.19 replacing the 

sample with standards and record the absorbance. 
8.6 Plot the calibration curve, absorbance versus concentration of zinc 

standards. 

9. Procedure 

Measure a volume of (100 ml maxlmum) well mixed sample into a 125 
ml beaker. 
Adjust the volume to 100 ml with deionlzed distilled water ~f necessary. 
Add 5 ml of conc. HCI. 
Heat the sample in a steam bath or on a hot plate until the volume has 
reduced to 15 to 20 ml (do not boll the sample). 
Cool and filter the sample into 250 ml separatory funnel. 
Wash the filter paper with distilled water In to the funnel and adjust the 
volume approximately to 100 ml. 
Add 2 drops of bromphenol blue Indicator and mix well. 
Adjust the pH until a blue color persists. by adding NaOH solution. 
Add HCI (1 +49) dropwlse until the blue color disappears. 
Add 2.5 ml of HCI (1 +49) in excess. 
Add 10 ml of APDC/chloroform reagent and shake for few minutes. 
Plug the tip of the separatory funnel wlth cotton wool, allow the phases 
to separate and drain the chloroform layer into a 100 ml beaker. 
Repeat the extraction with 10 ml of chloroform and drain the chloroform 
layer into the same beaker. 
Evaporate the solut~oll (chloroform layer) to near dryness in a water bath 
under a well ventilated fume hood. 
Remove beaker from heat and allow residual solvent to evaporate wlthout 
further heat~ng. 
Add 2 ml nitric acld dropwise and mix well. 
Evaporate the solution to near dryness. 
Add 2 ml of HCI (1 +2) to the beaker, and heat while swirllng for 1 
mlnute. 
Cool and transfer the solut~on quantitatively to a 10 ml volumetric flask 
and adjust the volume with deionlzed distilled water. 



9.20 Aspirate the sample to the flame and record the absorbance. 
9.21 Determine the concentration of zinc from the calibration curve. 

10. Calculation 

Z i n c ,  y g l - l  

where; V = volume of original sample In ml 
C - - concentration of zinc from the 

calibration curve 

1 1. Alternative method 

- Spectrophotometry with dithiozone method (APHA, 1989) 

NB: * APDC/chloroform reagent IS highly tox~c and carbon disulfide IS highly 
flammable. 



5.4 Non-metallic constituents 

ALKALINITY mgl-' as CaCO, Titrirnetric 

Working Range: All concentration ranges 

Precision - at 122 nigl-' as CaCO, - 2.5 % 

Interferences: Salts of weak organic and inorgalllc acids, oil and grease 

1. Application 

1.1 The method is applicable to potable, fresh and saline waters and effluents. 

2. Summary of method 

2.1 An unfiltered and unaltered sample is titrated w~th a dllute acid to an 
electrometrically determined end point of pH 4.5. 

3 .  Sampling 

3.1 Direct, unfiltered 

4. Preservation 

4.1 No preservation, immediate measurement 

5. Apparatus 

5.1 pH meter (can be read to 0.05 pH units) 
5.2 Magnetic stirrer 
5.3 Pipettes, flasks and other standard glassware 
5.4 Burettes (50, 25 and 10 ml) 

6. Reagents and chemicals 

6.1 Sodium carbonate [Na,CO,] (analytical grade) 
6.2 Conc. sulfuric or con. hydrochloric [H2S04 or HCl] (analytical grade) 



7. Preparation of standards and reagents 

7.1 Sodium carbonate solution (0.05 N) 
7.1.1 Dissolve 2.5 + 0.20 g sodium carbonate (drled at 250 'C for 4 

hours and cooled in a desiccator) in a 1 liter of deionized distilled 
water. 

7.2 Standard acid (0.1 N); (should be used for alkalinity > 20 mgl-' as 
CaCO,) 
7.2.1 Dilute 3.0 ml conc. H,SO, or 8.3 ml conc. HCl to 1 liter with 

distilled water. 
7.2.2 Standardize with 0.05 N standard sodium carbonate solutlon (as 

given in the procedure 8.1). 
7.3 Standard acid (0.02 N); (should be used for alkalinity < 20 mgl-' as 

CaCO,) 
7.3.1 Dilute 200 ml of 0.1 N standard acid to 1 llter with distilled water. 
7.3.2 Standardize with 0.05 N sodium carbonate solution (as given in the 

procedure 8.1). 

8. Procedure 

8.1 Standardization of ac~d 
8.1.1 Take 40 ml of 0.05 N sodium carbonate solution and add about 60 

ml distilled water. 
8.1.2 Titrate with the acid potentiometrlcally to pH of about 5. 
8.1.3 Rinse the electrode into the beaker. 
8.1.4 Cover with a watch glass and boil the solut~on gently for 3 to 5 

minutes. 
8.1.5 Cool to room temperature. 
8.1.6 R~nse cover glass into the beaker. 
8.1.7 Continue the titration to the pH Inflection polnt. 
8.1.8 Calculate normality. 

8.2 Potentlometric titration for high alkalinity (>20 mgl-') 
8.2.1 Fill a sufficiently large volume of titrant (>20 ml) in a 50 ml 

burette 
8.2.2 Place sample In flask by pipettlng with pipette tip near bottoin of 

the flask (use a measured volume of the sample sufficient enough 
to cover the sensing elements of the electrode). 

8.2.3 Measure pH of the sample. 
8.2.4 Titrate with standard acid (0.1 N) while stirring to pH 4.5. 
8.2.5 Record volume of the tltrant. 

8.3 Potent~oinetric titration of low alkalinity (<20 mgl") 
8.3.1 For alkalinity of < 20 mgl-', tltrate 100 to 200 ml of sample as in 



8.2 uslng a 10 ml mlcro burette and 0.02 N acid solution. 
8.3.2 Stop tltratlon at pH In the range of 4.3 - 4.7. 
8.3:3 Record volume and exact pH, 
8.3.4 Very carefully, add titrant to lower the pH exactly by 0.3 pH unlts 

and record volume again. 

9. Calculation 

L 9.1 
A x Vl 

N o r m a l i t y o f  acid, e q l - I  = 
5 3 . 0 0  x v, 

where; A = Na,C03 weighed into 1 llter 
v 1 

- - volume of Na,C03 solution ~n ml 
v2 

- - volume of acid used to lnflectlon 
point in ml 

9.2 For hlgh alkalinity, 

A l k a l  ini t y ,  mgl -l a s  CaCO, = V x  N x  5 0 , 0 0 0  
m l  o f  sample  

where; V - volume of standard acid in ml - 

N = normality of acid 

9.3 For low alkalinity, 

(2V1 - V,) x N x 5 0 , 0 0 0  
A l k a l i n i  t y ,  mgl -I a s  CaCO, = 

m l  of sample 

where; v, = ml titrant to first recorded pH 
v2 = total ml titrant to reach pH 0.3 units 

lower 
N = normality of acid 

10. Alternative method 

- Nomographic method (APHA, 1989) 



CHLORIDE mgl-' Titrimetric 

Working Range. 1.5 - 250 mgl-I C1- 

Precision . at 8 mgl-' 10 % Accuracy: at 8 mgl-' -6 13 % 
at 250 mgl-' 1.6 % at 250 mgl-' -0.80% 

Interferences. Orthophosphate > 200 nigl-', Polyphosphate > 25 mgl-' 

1. Application 

1.1 The method is applicable to potable and fresh waters and effluents. 

2. Summary of method 

2.1 The chloride ion reacts with the silver ion before any s~lver chromate 
formation, due to the lower solub~lity of silver chloride. 

2.2 The potassium chromate indicator reacts with excess silver ion at the end 
point forming a red silver chromate precipitate. 

3. Sampling 

3.1 Direct, filtered through 0.45 pm membrane filter paper. 

4. Preservation 

5.  Apparatus 

5.1 Standard laboratory glassware for titrat~on 
5.2 Burette, 25 ml capaclty 

6. Reagents and chemicals 

6.1 Silver nitrate [AgNO,] (analytical grade) 
6.2 Hydrogen peroxide (30 %) [H,0,] 
6.3 Potassium chromate [K,CrO,] 
6.4 Sodium chloride [NaCl] (analytical grade) 
6.5 Sod~uin hydroxide [NaOH] 



6.6 Conc. sulfuric acid [H,SO,] 

7. Preparation of standards and reagents 

7.1 Potassiuin chromate Indicator solution 
7.1.1 Dissolve 50 g of potassium chromate in 100 ml distilled water. 
7.1.2 Add sllver nltrate (7.3) until a slight red precipitate is produced. 
7.1.3 Allow the solution to stand at least 24 hours in a dark place. 
7.1.4 Filter to remove the precipitate. 
7.1.5 Dilute to 1 liter with distilled water. 

7.2 Standard sodium chloride solution (0.025 N) 
7.2.1 Dry several grams of sodium chloride for 1 hour at 600 'C . 
7.2.2 Dissolve 1.46 13 g of the drled salt in deionized distilled water and 

dllute to 1 liter. 
7.3 Standard silver nitrate solution (0.025 N) 

7.3.1 Dissolve 4.2473 g of silver nitrate (crushed and dried to constant 
weight at 40 'C) in deionized distilled water and dilute to 1 liter. 

7.3.2 Standardize against the sodium chloride solution (follow the 
procedure 8.1 to 8.6). 

7.4 Sodlum hydroxide solution (10 gl-I) 
7.4.1 Dissolve 10 g of sodium hydroxide In distilled water and dilute to 

1 liter. 
7.5 H2SOA (1 + 19) 

7.5.1 Add one volume of conc. H2S04 acid to 19 volumes of distilled 
water, while mixing. (PRECAUTION: keep the diluting vessel in 
a water bath and add acid very slowly.) 

8. Procedure 

8.1 Pour volumetrically 50.0 ml or less of the sample containing not more 
than 20 nor less than 0.25 mg of chloride ion into a conlcal flask. 

8.2 If sulfite ion is present, add 0.5 ml of hydrogen peroxide to the sample, 
mix well and let stand for 1 minute. 

8.3 Dilute approximately to 50 ml with deionized distilled water ~f necessary 
8.4 Adjust the pH to 8.3 using H2S04 (1+ 19) or NaOH (10 gl-I). 
8.5 Add approximately 1.0 ml of K,CrO, indicator and mix well. 
8.6 Add standard silver nitrate solutlon dropwise from a 25 ml burette until 

the appearance of a permanent brick-red colour. 
8.7 Repeat the procedure from 8.1 to 8.6 using exactly one half as much of 

the original sample, dlluted to 50 ml wlth deionized distilled water. 



9. Calculation 

[ (V,-V,) x N x 70,9061 
C1-, mgl -l = 

v3 

where; v I - standard silver nitrate solution added in - 

tltratlon 8.6 (ml) 
v 2 = standard silver nitrate solutlon added 111 

titration 8.7 (ml) 
N = normality of standard silver nitrate solutlon 
v3 = original sample in the 50 ml test speclmen 

prepared in 8.1 (ml) 

10. Alternative method 

- Spectrophotometry wlth ferricyanide method (USEPA, 1983) 

NB: * Compounds which precipitate at pH 8.3 may cause error. 
* Sulfite and objectionable colour or turbldlty must be eliminated before the 

titration. 



CYANIDE mgl-' 
Wavelength: 578 11m 

Working Range: 0 02 - 1 mgl-' 

Precision at 0.06 mgl-' 8 % Accuracy: at 0.28 mgl-' 85 % 
at 0.62 mgl-' 15 % at 0 62 mgl-' 102 % 

Interferences: Fatty acids 

Application 

1.1 The method is applicable to potable, fresh and saline waters and effluents. 

Summary of method 

2.1 The cyanide is released from cyanide complexes as hydrocyanic ac~d  and 
absorbed into sodium hydroxide solut~on. 

2.2 The cyanide absorbed in  the solution is converted to cyanogen chloride 
(CNCI) by reaction with chloramine-T. 

2.3 CNCI is converted to a red blue dye by addition of pyridine-barb~turlc 
ac~d reagent and the colour Intensity is measured spectrophotometricall y . 

Sampling 

3.1 Direct, filtered through 0.45 pm membrane filter paper. 

Preservation 

4.1 Preserve 6y add~ng NaOH pellets or strong NaOH solution to rase sample 
pH to 12-12.5 and store in an airtight dark bottle In a cool place. 

Apparatus 

5.1 Reflux distillation apparatus (Fig. 5.1) 
5.2 UVIV~slble spectrophotometer 

Reagents and chemicals 

6.1 Sodium hydroxide [NaOH] 



6.2 Sulfuric acid [H2S04] (1 + 1) 
6.3 Magnesium chloride [MgCI2.6H,O] 
6.4 Lead carbonate [PbCO,] 

9 m m  connecting tube 

Thistle tube 

Fig. 5.1 Reflux distillation appratus for cyanide 

6.5 Sulfamic acid [NH,SO,H] 
6.6 Chloramine-T [C,H,SO,NClNa] 



Potasslum cyanide [KCN] (analytical grade) 
Silver nitrate [AgNO,] (analytical grade) 
Barbituric acid [C,H,N,O,] 
Pyridine [C,H,N] 
Conc. hydrochloric ac~d [HCl] 
Sodium dlhydrogen phosphate [NaH,PO,. H,O] 
p-Dimethyl-amino-benzalrhodan~ne [C,,H,,N,OS,] 
Acetone [C,H,O] 

Preparation of standards and reagents 

NaOH solution (40 gl-') 
7.1.1 Dissolve 40 g NaOH In dlstilled water and dllute to 1 liter. 
NaOH dilution solution 
7.2.1 Dissolve 1.6 g NaOH in 1 l~ter distllled water. 
Magnesium chloride solutlon 
7.3.1 Dissolve 510 g of magnesium chlor~de In distilled water and dilute 

to 1 liter. 
Chloramine-T solutlon (prepare weekly) 
7.4.1 D~ssolve 1 g of chloramine-T powder In 100 ml distllled water and 

store in a refrigerator. 
Pyrid~neIBarbituric ac~d reagent 
7.5.1 Place 15 g of barbiturlc acid in a 250 ml volu~netr~c flask and add 

barely enough amount of distilled water to wet the acid. 
7.5.2 Add 75 ml of pyridine and mix well. 
7.5.3 Add 15 ml conc.HC1, mix and cool to room temperature. 
7.5.4 D~lute to the mark with distilled water and mix well (discard ~f a 

precipitate develops and re-prepare with fresh chemicals). 
Phosphate buffer solution 
7.6.1 Dissolve 138 g of sodium dihydrogen phosphate In 1 liter distilled 

water (refrigerate). 
Standard Silver nltrate solution (0.0192 N) 
7.7.1 Dissolve 3.27 g of silver nitrate in 1 liter deionized distilled water 

(1 ml = 1 mg NO,). 
Rhodan~ne indicator 
7.8.1 Dissolve 20 mg of p-dimethyl-amino-benzalrhodanine in 100 ml 

acetone. 
Standard cyanide stock solut~on ( I  ml r 1 mg CN-) 
7.9.1 Dissolve approximately 1.6 g NaOH and 2.5 1 g potasium cyanide 

In 1 liter de~onized dlstilled water. 
7.9.2 Standardize against standard sllver nitrate solut~on as described in 

9.1. 



7.10 Standard intermediate cyanlde solution ( I  ml = 100 pg CN-) 
7.10.1 Dilute 100 ml of the stock solution to 1000 ml wlth 

deionized distilled water. 
7.11 Working standard cyanide solut~on (1 ml = 10 pg CN-) 

7.11.1 D~lute 100 ~ n l  of the intermediate solution to 1000 ml with 
deionized distilled water. 

7.11.2 Store in a glass stoppered bottle. 

8. Calibration 9 

8.1 Prepare a series of 10 ml standards covering the range of 0.2- 10 pg CN 
using the work~ng standard cyanide solution (use NaOH d~lution solution 
for dilutions). 

8.2 Treat the standards as given In the procedure 9.3.1 - 9.3.6. 
8.3 Plot the absorbance of the standards agalnst cyanlde content in pg. 

9. Procedure 

9.1 Standardization of stock cyanide solution 
9.1.1 Take 25 ml of the stock cyan~de solution Into a conlcal flask. 
9.1.2 Add few drops of rliodan~ne indicator. 
9.1.3 Titrate with standard silver nitrate solutlon to the first change In 

colour from yellow to brown~sh plnk. 
9.1.4 Calculate the CN- concentration of the cyanlde stock solution (in 

mg mi-'). 
9.2 Distillation of samples 

9.2.1 Set up the distillation system as shown In Fig. 5.1. 
9.2.2 Place 500 ml sample in the boiling flask and 10 ml NaOH solutlon 

In the absorb~ng tube (if necessary, dilute with deionized dist~lled 
water to obtaln an adequate liquid depth in the absorb~ng tube). 

9.2.3 For samples contalnlng sulfide ion, add 50 mg or more powdered 
lead carbonate to the absorb~ng tube to precipitate sulfide. 

9.2.4 Connect the boding flask, condenser. absorber and the trap. 
9.2.5 Start a slow stream of air entering the boiling flask by adjusting 

the vacuum source (approximately 2 bubbles of alr per second 
should enter the flask). 

9.2.6 Add 2 g of sulfamic acid through the alr ~nlet tube and wash down 
w~th dist~lled water. 

9.2.7 Add 50 ml H2S04 (1 + 1) through the inlet tube. Rinse tube with 
distilled water and let air mix the contents for 3 minutes. 

9.2.8 Add 20 ml magnesium chlor~de solution through the air inlet and 
wash down w~th dist~lled water. 



9.2.9 Heat the solution to boiling, reflux for 1 hour, turn-off heat and 
continue the alr flow for at least 15 mlnutes. After cooling 
disconnect the absorber and close off the vacuum source. 

9.3.0 Rlnse connecting tube between condenser and absorbing tube wlth 
deionized distilled water, add rinse water to the drained liquid in 
the absorbing tube and dilute to 250 ml in a volumetric flask. 

9.3 Determination of cyanide 
9.3.1 Take a portion of the absorption llquid obtained from distillation 

(9.3 -0) or cynanide standard (10 ml) prepared in 8.1 and dilute to 
20 in1 wlth NaOH dilution solution. 

9.3.2 Place this solution in a 50 ml voluinetr~c flask and add 4 ml 
phosphate buffer solution. 

9.3.3 Add 2 ml chloramine-T solution and mix well. 
9.3.4 Immediately add 5 ml pyridine-barbiturlc acid solution and mix 

well. 
9.3.5 Dilute to the mark with distilled water. 
9.3.6 Measure the absorbance at 578 nm after 8 minutes (measurements 

should be taken before 15 mlnutes). 

10. Calculation 

where; A = pg CN- corresponding to absorbance of the 
sample (from the calibration curve) 

v I = total volume of absorption solution from the 
distillation (ml) 

v2 = volume of original sample used in the 
distillation (ml) 

v3 = volume of absorbing solution (ml) used in 
the step 9.3.1 

1 1. Alternative method 

- Titrimetry with silver nitrate (APHA, 1989) 

NB: * KCN is highly toxic. Avoid contact or inhalation. 



AMMONIA (NITROGEN) pgl-' 

Working Range. 10 - 500 pgl-I NH,-N 

Precision . at 200 pgl-' NH,-N 39.2% Accuracy- at 200 pgl-I NH3-N 2 4% 

Interferences- Alkalinity > 500 nigl-' as CaCO, 
Acidity > 100 nigl-' as CaCO, 

1. Application 

1.1 The method is applicable to potable and fresh waters and effluents. 

2. Summary of method 

2.1 An intensely blue compound, indophenol is formed by the reaction of 
ammonia, with hypochlorite and phenol In the presence of a manganous 
salt as a catalyst. 

3. Sampling 

3.1 Direct, filtered through 0.45 pm membrane filter paper. 

4 Preservation 

4.1 Preserve samples with 0.8 ml conc.H,SO, 1-' and store at 4 "C. 

5 .  Apparatus 

5.1 UV/Visible spectrophotometer 
5.2 Magnetic stirrer 

6. Reagents and chemicals 

6.1 Ammonia free water 
6.2 Sod~um hypochlorite solution (5  %) [NaOCl] 
6.3 COIIC. hydrochloric acid [HCl] 
6.4 Manganous sulphate [MnSO,. H,O] 
6.5 Sodrum hydroxide [NaOH] 



6.6 Amlnonium chloride [NH4Cl] 
6.7 Phenol [C,H,OH] 
6.8 Conc. sulfuric acid [H,SO,] 

7.  Preparation of standards and reagents 

7.1 Ammonia free distilled water 
7.1.1 Add 0.1 ml of conc. H2S04 to 1 liter of deionized distilled water 

and re-distill. 
7.1.2 Dlscard the first 100 ml of the distillate and store the rest In an 

airtlght bottle. 
7.1.3 Use ammonia free water for preparation of other reagents and for 

dilutions. 
7.2 H ypochlorous acid reagent (prepare weekly) 

7.2.1 Add 10 ml 5% sodium hypochlorlte solutlon (prepared from 
commercial bleach) to 40 ml ammonla free water (7.1). 

7.2.2 Adjust pH to 6.5 to 7.0 with dllute HCI solution. 
7.3 Manganous sulphate solution (0.003 M) 

7.3.1 D~ssolve 50 g of manganous sulphate in 100 ml ammonia free 
water. 

7.4 Phenate reagent (prepare weekly) 
7.4.1 Dissolve 2.5 g NaOH and 10 g phenol 111 100 ml ammonla free 

water. 
7.5 Standard aminonlum stock solution (1  .OO ml = 100 pg N = 122 pg NH,) 

7.5.1 Dlssolve 381.9 ing anhydrous amonium chloride and dllute to 
1000 ml. 

7.6 Worklng standard ammonium solutlon (1  .OO ml = 0.500 pg N = 0.607 
pg NH3) 
7.6.1 Dilute 5.00 mI of the stock ammonium solution to 1000 ml with 

distilled water. 

8. Calibration 

8.1 Prepare a series of standards in the range of 0.1-5 pg NH,-N by diluting 
the working standard ammonium solutlon. 

8.2 Measure the absorbance of the standards at 830 nm following the exact 
procedure glt;en in  9.1 to 9.4. 

8.3 Plot a calibration curve, absorbance versus NH,-N content. 



9. Procedure 

9.1 To a 10.0 ml sample In a 50 ml beaker add 1 drop of MnSO, solut~on 
9.2 Place the beaker on a magnetrc stlrrer and add 0.5 ml hypochlorous ac~d 

reagent. 
9.3 Immediately add (dropwise) 0.8 ml of phenate reagent. 
9.4 Stir v~gorously during the addition. 
9.5 Measure absorbance at 830 nm after 10 minutes (colour format~on 

completes In 10 lnlnutes and IS stable for at least 24 hours). 

10. Calculation 

where; A = content of ammonla from the curve 
in Ccg 

V = volume of sample used ~n ml 

1 1. Alternative method 

- Tltrimetry with boric acid (APHA, 1989) 

NB: * A preliminary d~stillatlon is requlred if the alkalinity exceeds 500 mgl-' 
CaCO, and turb~dity is present or if the sample has been preserved with 
acid. 

* If acld preservation IS used. neutralize samples w~th NaOH or KOH 
immediately before the determlnat~on. 



KJELDHAL NITROGEN (ORGANIC NITROGEN) mgl-' Spectrophotometric 
Wavelength. 425 1un 

1. Application 

- 

1.1 The method is applicable for potable, fresh and saline waters and 
effluents. 

1.2 The procedure converts nitrogen components of biolog~cal origln such as 
amino acids, proteins and peptides to amlnonla but may not convert the 
n~trogenous compounds of some industr~al wastes. 

Working Range: 4 - 40 mgl-' N at 50 ml san~ple size 

Precision . at 0.3 1 N mgl-' 80% Accuracy. at 0.31 N mgl-' +5 45 % 

Interferences: High nitrate concentrations 

2. Summary of method (Kjeldahl method) 

2.1 The sample is dlgested In the presence of a mixture of catalysts and 
evaporated until SO, fumes are observed. 

2.2 The residue is made alkaline and the ammonia 1s dlst~lled to determine 
spectrophotometricall y . 

3 .  Sampling 

3.1 Direct, filtered through 0.45 pm membrane filter paper. 

4. Preservation 

4.1 Preserve samples by acid~fying with H2S04 to pH 1.5-2.0 and store at 4 
or 

5.  Apparatus 

5.1 Digest~on apparatus - A Kjeldahl flask (800 ml) 
5.2 Distillation apparatus (Flg. 5.2) 
5.3 UVfV~s~ble spectrophotometer 



Heating mantle 

Fig. 5.2 D~stillation apparatus 

6. Reagents and chemicals 

6.1 Ammonia free distilled water 
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Mercuric oxlde [HgOl 
potassluln sulphate [KzSO,l 
Conc. sulfuric acld [HzSO,] 
Sodium hydrox~de [NaOH 
Sodlum thlosulphate [NazS,0,.5H20j 
Borlc acid [H,BO,] 
Ammonlum chlor~de [NH,Cl] 
Nessler reagent or mercuric ~ o d ~ d e  and potasslum iodide [HgI, and K I ]  

I + 
7 Preparation of standards and reagents 

Ammonia free distilled water 
7.1. I Add 0.1 tnl of conc. H2S0, to 1 liter of delon~zed d~st~lled water 

and re-dlstill. 
7.1.2 Discard the flrst 100 rnl of the distillate and store the rest In an 

alrtlght bottle. 
7.1.3 Use ammonla free water for preparation of other reagents and for 

dilutions. 
Mercuric sulphate solution 
7.2.1 Dissolve 8 g red ~nercurlc ox~de in 50 ml of sulfurlc ( 1  +4) acld 

(10.0 ml conc. H,SO, + 40.0 ml ammonla free water). 
7.2.2 Dllute to 100 mI with distilled water. 
Sulfuric/mercurlc sulphate/potasslum sulphate solutlon 
7.3.1 D~ssolve 133.5 g potasium sulphate in 850 ml ammonla free water 

and 200 ml conc. H,SO,. 
7.3.2 Add 25.0 ml lnercurlc sulphate (7.2) solut~on. 
7.3.3 Dilute to I liter with ammonla free water. 
Sodium hydroxide/sod~um thlosulpl~ate solut~on 
7.4.1 Dissolve 500 g NaOH and 25 g sodlum thlosulphate in alnmonla 

free water. 
7.4.2 Dllute to 1 liter. 
Boric acid solut~on 
7.5.1 D~ssolve 20 g borlc acid In ammollla free water. 
7.5.2 Dilute to 1 l~ter with ammonia free water. 
Standard a~nmon~um chlorlde stock solution (1000 mgl-' N) 
7.6.1 Dissolve 3.819 g amonlum chloride rn amlnonla free water. 
7.6.2 Make up to liter in a volumetric flask. 
Worklng standard alnmonium chlorlde solutlon (10 mgl-I) 
7.7.1 Dllute 10.0 ml of the stock solutlon (7.6) with amlnonla free water 

to 1 llter, in a volumetric flask. 
Sodium hydroxide solution (8 N) 
7.8.1 Dlssolve 320 g of NaOH in ammonla free water and dllute to 1 



liter. 
7.9 Nessler reagent (commercially available, but manual preparatron is 

preferred) 
7.9.1 Dissolve 100 g of lnercuric ~odide and 70 g potassrum iod~de in a 

small volume of ammonia free water. 
7.9.2 Add this mixture slowly to 500 ml of 8 N NaOH solut~on (7.8) 

with st~rrlng and dilute to 1 I~ter. 

8. Calibration , 

8.1 Measure al~quots of the working standard as glven below into 50 ml 
volumetrrc flasks. 

volume (nil) of working standard (10 mgl-' NH,-N) mg NH,-N per 50 ml 
0.0 0.000 
0.5 0.005 
1 .o 0.010 
2.0 0.020 
4.0 0.040 
5 .O 0.050 
8.0 0.080 
10.0 0.100 

8.2 Dilute above al~quots of the workrng standard to 50 ml wltl~ arnmonla free 
water to give 0 - 0.10 mg NH3-N content, add 1 ml of Nessler reagent 
and mix well. 

8.3 After 20 minutes, set zero absorbance at 425 nm with the blank. 
8.4 Read the absorbance of the standards. 
8.5 Plot the calrbrat~on curve of absorbance versus mg NH3-N content of the 

standards. 

9 Procedure 

9.1 Macro-Kjeldahl system 
9.1.1 Place a measured volume of the sample in an 800 ml Kjeldahl 

flask. The sample slze can be determined from the following 
table: 
Kjelldahl Nitrogen in sample (mgl-') Sample Size (ml) 

4 - 40 50 
8 - 80 25 

20 - 200 10 
40 - 400 05 



9.1.2 Dllute the sample, if required, to 500 in1 with ammonla free 
distilled water. 

9.1.3 Add 100 mI sulfurlc ac~d/mercur~c sulphate/potassium sulphate 
solution (7.3). 

9.1.4 Evaporate the lnlxture in the Kjeldahl apparatus until SO, fumes 
are observed and the solut~on turns colourless or pale yellow. 

9.1.5 Cont~nue heating for 30 addit~onal minutes, cool .the res~due and 
add 300 ml d~stilled water. 

9.1.6 Make the digestate alkallne by careful addltion of 100 ml of 
sodium hydrox~de/th~osulphate solutlon (7.4) wlthout mixing. 

9.1.7 Connect the Kjeldahl flask immediately to the condenser with the 
tlp of the condenser or an extension of the condenser t ~ p  below the 
level of the boric ac~d solut~on (7.5) in the receivlng flask. 

9.1.8 Distill 300 ml at the rate of 8-10 ml min-I into 50 ml of 2% boric 
acid (7.5) contalned in a 500 rnl Erlenmeyer flask (receivlng 
flask). 

9.1.9 Dilute the distillate to 500 ml In the flask. 
9.2 Determination of ammonia in the distillate 

9.2.1 Take an aliquot of the distillate and develop colour exactly 111 the 
same manner as the standards (8.2). 

9.2.2 Read the absorbance and calculate the Total Kjeldahl Nitrogen 
(TKN) concentratlon using the callbration curve. 

10. Calculation 

N i  trogen (organic)  , m g l - I  = TKN = A x 1000 x -  v~ 
v3 v;! 

where; A = mg NH,-N read from calibration curve. 
v 1 

- - total volume of distillate after dilut~on ln ml 
v 2 

- - volume of distillate taken for nesslerization 
In in1 (9.2.1) 

v3 = volume of orlginal sample taken for 
distillat~on 111 ml 

1 I. Alternative method 

- Kjeldahl digestlon followed by borlc acid titration (APHA, 1989) 

NB: * If high concentratiolls of nitrate interfere, use an anion exchange resin to 
remove the nitrate prior to the analysis. 

* For concentrations above 1 mgl-' N,  the titrimetrlc method is used for 



deter~n~llat~on of NH,. 
* For the range of 0.05 to 1400 mgl-' N, potentlometric method may be 

used. 
* Do not use HgClz for preservation because it w~ll  ~nterfere with ammonla 

removal. 



NITRITE (NITROGEN) mgl-' Spectrophotometric 
Wavele~~gtli 543 Iinm 
Path length: I cm 1 

Working Range 0.0 1 - 1.0 ~ ~ g l ' '  NO; - N 

Precision at 0 04 mgl-' (NO; + NO;) - N 12 5% 
dt 0 24 mgl-' (NO, + NO,) - N 1 8 %  

Interferences: Strong oxida~its (e g FellIIl) or reductants (e g. S'-) 
Alkali~uty >800 mgl-' 

1 .  Application 

1.1 The method is appl~cable to the deterrnlnation of nitrite singly or nltrlte 
and nltrate comb~ned in potable, fresh and saline waters and effluents. 

2. Summary of method 

2.1 The d~azonium compound is formed by diazotisat~on of sulfanilamide w~tli 
nitr~te in water under a c ~ d ~ c  cond~tlons. 

2.2 The d ~ a z o  complex 1s coupled wltli N-(I -naphthyI)ethylened~am~ne 
dihydrochloride to produce a redd~sh-purple color whlch can be measured 
spectrophotometrical 1 y . 

3. Sampling 

3.1 Dlrect, filtered through 0.45 ,urn membrane filter paper. 

4. Preservation 

4.1 Store at 4 ('C for 24-48 hours; never use acid preservation. 

5.  Apparatus 

: 

5.1 UVIVisible spectrophotometer 
5.2 Volumetric flask 

6. Reagents and chemicals 

6.1 Sulfan~lamide [NH2C,H4S02NH2] 
6.2 N-(1 -naphthyl) ethylenediaminediliydrochloride [C,,H,,N,.2HC1.CH3OH] 



6.3 Sodium nitrite [NaNO,] (analytical grade) 
6.4 Conc. hydrochloric ac~d [HCll 

7. Preparation of standards and reagents 

7.1 Buffer/colour develop~ng reagent 
7.1.1 Dissolve 10 g sulfanilamide and I g N- (I-naphthyl) ethylene- 

diamine d~hydrochloride In a mixture of 100 ml conc. H3P04  and 
800 ml of dist~lled water and d~lute to 1 liter. 

7.2 Standard nltrlte stock solution (100 mgl-' NO, - N) 
7.2.1 Dry several grams of anhydrous sod~um nltrite 111 an oven for 3 

hours at 80 ('C and cool in a desiccator. 
7.2.2 We~gh 0.1493 g of dry sod~um nitrite and dissolve 111 1000 ml 

distilled water. 
7.2.3 Preserve with 2 ml chloroform per liter. 

7.3 Working standard nitr~te solution (1 mgl-' NO; - N) 
7.3.1 Dilute 10.0 ml of the stock solution to 1000 ml w~th d~stllled 

water. 
7 4 HCl (1 f 3 )  solut~on 

7.4.1 Add one volume of conc. HCI to 3 volumes of d~stilled water. 

8. Calibration 

8.1 Prepare a serles of standards In 50 ml volumetric flasks as follows: 

volume (ml) of working 
standard solution 
0.0 
0.5 
1 .o 
1.5 
2.0 
3.0 
4.0 
5 .o 
10.0 

concentration when diluted to 
50 ml (mgl-' NO, - N) 

blank 
0.01 
0.02 
0.03 
0.04 
0.06 
0.08 
0.10 
0.20 

8.2 Add 2 ml of buffer/colour developing reagent to each standard, mix well 
and allow colour to develop for at least 15 minutes. The reaction medium 
should be between pH 1.5 and 2.0 (check w~th a pH meter). 

8.3 Read the absorbance by the spectrophotometer at 543 nm. 



8.4 Plot the calibration curve, absorbance versus concentration of n~trite 111 

mgl-' . 

9. Procedure 

9.1 Adjust pH of the sample to 8 with HCI (1 +3). 
9.2 If necessary, filter the sample through a 0.45 pm pore slze filter paper 

U S I I I ~  the first 10 In1 portlon of the filtrate to rlnse the filter flask. 
9.3 Place 50 ml of the filtered sample or an aliquot d~luted to 50 ml III a 50 

ml volumetr~c flask. 
9.4 Add 2 ml of buffer/colour developing reagent to the sample, rnlx and 

allow colour to develop at least for 15 m~nutes. 
9.5 Read the absorbance at 543 nm. 
9.6 Calculate NO,- concentratlon from the cal ~brat~on curve. 

10. Calculation 

where; C - concentration of NO; - N - 

(mgl-I) of the colour 
developed solution 

D - - dllution factor 



NITRATE (NITROGEN) mgl-I 
Wavelength - 543 nm 

Working Range: 0 0 1 - 1 0 mgl-' NO, -N 

Precision at 0 04 mgl" (NO; + NO?) 12 5 % 
at 0 24 nigl" (NO; + NOz ) 1 8 % 

Interferences: Higli concentrations of ~netals 

1. Application 

1.1 The method is applicable to the determ~nation of nitrite singty or nitrite 
and nitrate combined In potable, fresh and sal~ne waters and effluents. 

1.2 If only nitrate IS desired, a separate determlnatlon must be made for nltrlte 
and subsequent corrections made. The nitrite may be determined by the 
procedure without the reduction step. 

2. Summary of method 

2.1 Sample is passed through a column containing granulated copper-cadmium 
to reduce nitrate to nitr~te. 

2.2 The nitrite IS determtned by diazotising w~th sulfanilamide and coupling 
with N-(1-naphthyl) ethylenediamine dihydrochloride to form a highly 
colored azo dye which IS measured spectrophotometr~cally. 

3. Sampling 

3.1 Direct, filtered through 0.45 pm membrane filter paper. 

4. Preservation 

4.1 Store at 4 "C for 24 hours, for longer preservation add 2 ml conc. H,SO, 
per liter 

5 .  Apparatus 

5.1 Cu-Cd reduction column 
5.2 UVIVisible spectrophotometer 



6. Reagents and chemicals 

Granulated Cd (40-80 mesh) 
Copper sulphate [CuS04.5H,0] 
Ammonium chlorlde [NH,CI] 
Disodium ethylenedlamine tetracetate [Na2EDTAI 
Sulfanilamide [NH,C,H,SO,NH,] 
N-(1-naphthyl) ethylenediamine dlhydrochloride IC,,HI4N,.2HC1.CH,OH J 
Conc. phosphoric acid [H3P04] 
Conc. ammonium hydroxide [NH,OH] 
Conc. hydrochloric acld [HCll 
Potassium nitrate [KNO,] (analyt~cal grade) 
Potassium n~trite [KNOJ (analytical grade) 

7. Preparation of standards and reagents 

7.1 Copper-cadmium collo~d 
7.1. I Wash cadmium granules w~th dilute HCl and rinse with distilled 

water. The colour of the granules should be silver. 
7.1.2 Swlrl 25 g acid washed cadm~um granules in 100 ml of 2% copper 

sulphate solution (7.6) for 5 minutes or until blue color partially 
fades, decant and repeat wlth fresh copper sulphate solutlon until 
a brown colloidal preclpltate forms. 

7.1.3 Wash the copper-cadm~um colloid with distilled water to remove 
all the preclpltated copper. The color of Cd granules should be 
black. 

7.2 Ammonium chloride I EDTA solution 
7.2.1 Dissolve 13 g ammonlum chloride and 1.7 g disod~um 

ethylenediamine tetraacetate In 900 mi of dlstllled water. 
7.2.2 Adjust pH to 8.5 with conc. ammonlum hydroxide and dilute to I 

liter. 
7.3 Dilute ammonium chioride1EDTA solution 

7.3.1 Dilute 300 ml of ammonlum chloride1EDTA solution to 500 ml 
with distilled water. 

7.4 Colour developing reagent 
7.4.1 D~ssolve 10 g sulfan~lamlde and 1 g N-(1-naphthyl) ethylene- 

diamine dihydrochloride in a mixture of 100 ml conc. H3P04 and 
800 ml of dlst~lled water and dllute to 1 liter. 

7.5 Hydrochloric acid (8 N) 
7.5.1 Dilute 50 ml of conc. HC1 to 100 ml with distilled water. 

7.6 Copper sulphate solution (2%) 
7.6.1 Dlssolve 20 g of CuS04.5H,0 In 500 ml distilled water. 



7.6.2 Dilute to 1 liter. 
7.7 Standard nltrate stock solution (1000 mgl-' NO; - N) 

7.7.1 Dissolve 7.2 18 g KNO, 111 d~stilled water and d~lute to 1000 ml. 
7.7.2 Preserve w~th 2 ml of chloroform per I~ter. 

7.8 Standard nitrate working solut~on (10 mgl-' NO; - N) 
7.8.1 Dilute 10.0 ml of standard nitrate stock solution (7.7) to 1000 ml 

with dist~lled water. 
7.9 Standard nitr~te stock solut~on (1000 mgl-' NO2- - N) 

7.9.1 Dissolve 6.072 g KNO, in 500 ml of distilled water. 
7.9.2 Dilute to 1000 ml. 
7.9.3 Preserve with 2 ml of chloroform and keep under refrigeration. 

7.10 Standard nitrite working solution (10 mgl-' NO, - N) 
7.10.1 D~lute 10.0 ml of the stock nitrite solution (7.9) to 1000 mi 

with d~stilled water. 

8. Calibration 

8.1 Prepare a series of standards by diluting the work~ng standard solution In 
100 ml volumetric flasks as follows: 
Concentration (mgl-') NO, - N Volume (ml) of standard working 

solution added 
0.00 0.0 
0.05 0.5 
0.10 1 .o 
0.20 2.0 
0.50 5 .O 
1.00 10.0 

8.2 Carry out the reduction of standards exactly as described for the samples 
(follow the steps 9.4-9.9). At least one n~trite standard should be 
compared to a reduced nitrate standard of the same concentration to verify 
the efficiency of the reduction column. 

8.3 Obtain a standard curve by plott~ng the absorbance of standards against 
NO,- - N concentrations of standards (8.1). 

9. Procedure 

9.1 Turbid~ty removal of samples (usually not required for potable water) 
9.1. I F~lter samples through a glass f~ber filter or a 0.45 pm membrane 

filter paper. 
9.2 Oil and grease removal of samples (usually not requ~red for potable water) 

9.2.1 Adjust pH of 100 tnl of filtered sample to 2 by add~tion of conc. 
HCI in a separating funnel. 



9.2.2 Add 25 ml of chloroform or carbon tetrachloride and shake well. 
9.2.3 Dlscard the organic layer and repeat the step 9.2.2 with aqueous 

phase. 
Preparation of reductron column 
9.3.1 Use a glass column with a stopcock, 25 cm x I cm (25 ml burette 

may also be used). 
9.3.2 Insert a glass wool plug to the bottom of the column and fill wlth 

distilled water. 
9.3.3 Add sufficient Cu-Cd granules to produce a column, 18.5 cm long 

(~nalntain the water level above the granules). 
9.3.4 Wash the column wlth 200 ml dilute NH,CI/EDTA solutlon (7.3). 
9.3.5 Activate the column by passing 100 ml of a mixture of 25 ml of 

1.0 mgl-' NO,- - N standard and 75 ml of NH,CI/EDTA solution 
(7.2) through the column. 

If the pH of the sample is below 5 or above 9, adjust pH to between 5 and 
9 with either conc. HCI or conc. NH,OH. 
Take 25 ml of sample or an aliquot diluted to 25 ml and add 75 ml of 
ammonium chloride/EDTA solutlon (7.2) and mlx well. 
Pour sample lnto the column and collect eluent at a rate of 7- 10 ml mln:' 
Discard the first 25 ml, collect the rest of the sample (approxi.mately 70 
ml) in the original sample flask (samples, after passlng through the 
column should not be allowed to stand longer than 15 minutes before 
additlon of colour developing reagent). 
Add 2 ml of colour developing reagent to 50 ml of sample collected in 
step 9.7. Allow 10 minutes for colour development and measure the 
absorbance at 543 nm within 2 hours. 
Compute (NO,' + NO,-) concentration of samples as nitrogen froin the 
standard curve. 
Follow the procedure for nitr~te analysis and determine the nitrate 
concentration of the sample. 

10. Calculation 

where; C - concentration of nitrate from the - 

standard curve as N 
V = volume of original sample taken in 

step 9.5 



10.2 Calculation of NO,- - N concentration 

NO3-, N m g l - I  = [ ( N O ;  + N O ; ) ,  N m g l - ' 1  - [NO:, ~ m g l - ' 1  

10.3 Calculation of NO,- collcelltratloll 

NO3- mgl -= 4 . 4  3 x NO;, N mgl  

I I .  Alternative method 

- Hydraz~lle reduction method (APHA, 1989) 



PHOSPHORUS (AVAILABLE) mgl-' 

Working Range: 0.01 - 1.2 nigl-' as P 

Precision : at 0.029 ingl-' P 34% Accuracy: at 0.029 mgl-' P -4.95 % 
at 0.383 iiigl-' P 8% at 0.383 mgl-' P -1 78 % 

Interferences: High co~~cei~tratiol~s of silica. salt concentratiom > 20 % 
L 

1 .  Application 

1.  I The method is applicable to potable, fresh and saline waters and effluents. 

2. Summary of method 

2.1 Ammonium molybdate and antimony potassium tartrate react with 
orthophosphate to form an antimot~y phosphate molybdate complex. 

2.2 The complex is reduced with ascorbic acid to form a deep blue 
inolybdenum complex. 

2.3 The colour intensity which is proportional to the phosphorous 
concentration is measured. 

3. Sampling 

3.1 Direct. filtered through 0.45 pm membrane filter paper. 

4. Preservation 

4.1 Store at - 10 O'C after adding 40 mg HgCI, mi-' 

5.  Apparatus 

5.1 UVIVisible spectrophotometer 
5.2 Acid-washed glassware (washed with HCI [l+31 followed by distilled 

water) 

6. Reagents and chemicals 



6.2 Conc. sulfuric acid [HzS041 
6.3 Ammonium molybdate ~(NH,),Mo,0,,.4H20) 
6.4 Antimony potassium tartrate (K(SbO)C,H,O,. '/2H,O] 
6.5 Potassium dihydrogen phosphate [KH,PO,I (analytical grade) 
6.6 Ascorbic acid [C,H,O,] 

7.  Preparation of standards and reagents 

7.1 Phenolphthalelil Indicator solution (5 gl-') 
7.1.1 D~ssolve 0.5 g of phenolphthalein 11-1 a mixture of 50 ml ethyl 

alcohol and 50 ml water. 
7.2 Sulfuric acid (1 1 N) 

7.2.1 Slowly add 310 ml of coilcentrated sulfurlc acid to about 600 in1 
of distilled water in a cool water bath. 

7.2.2 Cool the solutio~~ and dilute to I liter with dist~lled water. 
7.3 Tartrate/molybdate soIut1011 

7.3.1 Dissolve 0.13 g of antimony potasslum tartrate in a one liter 
volumetric flask containing about 700 ml distilled water. 

7.3.2 Add 5.6 g of ammonium molybdate and shake the flask until 
dissolved. 

7.3.3 Cautiously add 70 ml of conc. H,SO, acid while st~rring. 
7.3.4 Cool the solution and dilute to I liter. 

7.4 Combined reagent 
7.4.1 Dissolve 0.5 g of ascorbrc acid In 100 ml of tartrate/molybdate 

solution (7.3). 
7.5 Standard phosphorus solution (1 .OO ml = 0.0025 mg P) 

7.5.1 Dissolve 0.2197 g of potassium dihydrogen phosphate (dried at 
105 OC for 1 hour) in deion~zed distilled water and dilute to I I~ter. 

7.5.2 Prepare the standard phophorus solutlon by dlluting 50 ml of the 
stock solution to 1 liter with deionized distilled water. 

8. Calibration 

8.1 Prepare a series of staiidards covering the range of 0.01 -1.2 mgl-' as P by 
diluting the standard phosphorous solut~on. 

8.2 Treat the standards as given in the procedure (9.1-9.5). 
8.3  Plot the calibration curve between phosphorous content and absorbance. 

9. Procedure 

9.1 Pipette 50 ml of the sample/standards or an aliquot diluted to 50 ml into 
a 125 ml Erlenmeyer flask. 



9.2 Add 1 ml of H2S04 (1 1 N). 
9.3 Add a drop of phenolphthalein indicator. 
9.4 Add 10 in1 of combiiled reagent (7.4) and mix well. 
9.5 After 5 minutes, measure the absorbance of the standards and the samples 

at 880 nm with a spectrophotometer (the colour is stable for 1 hour). 
9.6 Determine the phosphorous content of the sample from the calibrat~on 

curve. 

I 10. Calculation 

Orthophosphate, mgl -' as P = 
C x  5 0  

v 

where; C = phosphorus concentration determined 
by the calibration curve, mgl-' 

V = volume of sample analyzed, in ml 

1 1. Alternative method 

- Spectrophotometric method with stannous chloride (APHA, 1989) 

NB: * Interference from nltrite or sulfide can be elim~nated by adding an excess 
of bromine water or a saturated potassium permanganate solutlon to the 
sample. 

* If the temperature of the test solutlon 1s less than 20 "C, the colour may 
develop slowly and incompletely. 



PHOSPHOROUS (TOTAL) mgl-' 
Wavelength - 880 nrn 

Working Range: 0 01 - 1 2 mgl-' P 

Precision at 0.110 mgl-' P 30% Accuracy at 0 1 10 mgl" P + 3.09'36 
at 0.882 mgl-' P 15 % at 0 882 nigl-' P -0.92 % 

Interferences Arsenate and high colicelitratlolls of Iron 

1.1 The method IS applicable to potable, fresh and saline waters and effluents. 

2. Summary of method 

2.1 Phosphorous specres are converted to orthophosphate by treatlng w~th 
ammonium persulphate w~th ammonium molybdate and antlmony 
potasslum tartrate in ac~d medium to form an antrmor~y~phospl~o- 
molybdate complex. Th~s  complex is reduced to an ~ntensely blue 
complex by ascorbic acid. The colour ~ntensity IS proportional to the 
phosphorus concentratron. 

3. Sampling 

3.1 Direct, unfiltered 

4. Preservation 

4.1 Freeze or add 1 ml conc. HCI per Irtre; do not store In plastic bottles. 

5 .  Apparatus 

5.1 UVIVis~ble spectrophotometer 
5.2 Ac~d washed glassware (washed with HCI 11 + 11 followed by dist~lled 

water). 
5.3 Water bath, 95 "C 



6. Reagents and chemicals 

6.1 Phenolphthalein 
6.2 Ammonium molybdate [(NH,),Mo,02,.4H,0] 
6.3 Antimony potasslum tartrate [K(SbO)C,H,O,. lhH,O] 
6.4 Ascorbic acld [C6H806) 
6.5 Conc. sulfuric acid [H,SO,] 
6.6 Sodium blsulfite [NaHSO,] 
6.7 Ammon~um persulphate [(NH,),S,O,J 

L 

6.8 Potassium dlhydrogen phosphate IKH,PO,] (analytical grade) 

7. Preparation of standards and reagents 

7.1 Amlnoniuln molybdate-anti-tnony potassium tartrate solution 
7.1.1 D~ssolve 8 g of ammonium molybdate and 0.2 g ant~mony 

potassium tartrate in 800 ml of dist~lled water and d~lute to 1 I~ter. 
7.2 Ascorbic acid solution (prepare daily) 

7.2.1 Dissolve 60 g of ascorb~c acid in 800 ml of dlst~lled water and 
dilute to 1 llter. 

7.2.2 Add 2 ml of acetone. 
7.3 Sulfuric acid (1 I N) 

7.3.1 Slowly add 310 ml of conc. H,SO, to approximately 800 ml 
distllled water In a cool water bath. 

7.3.2 Cool and dilute to 1000 ml. 
7.4 Sulfuric acid (1 N) 

7.4.1 Dilute 90.9 1n1 of HISO, ( I  1 N) to 1000 ml with distllled water. 
7.5 Sodlum bisulfite solut~on 

7.5.1 Dissolve 5.2 g of NaHSO, In 100 ml of H,SO, (1 N). 
7.6 Standard phosphorus stock solution ( 1.0 mI = 0. I mg P) 

7.6.1 D~ssolve 0.4393 g of pre-dried (at 105 'C for one hour) potaslum 
dihyrogen phosphate in deionized d~stilled water and dilute to 1 
liter (add 2 ml conc. H2S04). 

7.7 Working standard phosphorus solut~on (1.0 ml = 0.01 mg P) 
7.7.1 Dilute 100 ml of the stock phosphorus solution to 1 llter w~th 

deion~zed dlst~lled water. 

8. Calibration 

8.1 Prepare a serles of standards cover~ng the range of 0.01- 1.2 mgl-' P by 
diluting suitable volumes of working standard solutlon to 100 ml with 
distilled water. 

8.2 Treat the standards as g~ven in the procedure (9.1-9.7). 



8.3 Plot the calibration curve, absorbance versus phosphorus concentration. 

9. Procedure 

Transfer 50 ml of sample or an al~quot diluted to 50 ml into a 125 ml 
Erlenmeyer flask. 
Add 1 ml of 1 I N sulfur~c ac~d. 
Add 0.4 g ammoilium persulphate, mix and boll gently for approximately 
30-40 ininutes or until a final voluine of about 10 ml is reached. 
Cool and dilute to approx~mately 40 ml, filter and adjust the volume to 50 ' 

ml. 
Add a drop of phenolphthalein indicator and adjust it to a faint pink by the 
addition of NaOH solut~on. 
Add 4 ml of ammonium molybdate/aiitirnony potassium tartrate reagent 
and mix well. 
Add 2 ml of ascorbrc acid solution and inix well. 
After 5 inlliutes measure the absorbance of the sample at 880 nm with a 
spectrophotometer (the colour IS stable for at least 1 hour). 
Determine the phosphorus concentration from the calibration curve. 

10. Calculation 

T o t a l  Phosphorous, mgl- '  

where; C = phosphorus deterin~ned by the 
calibrat~oii curve. mgl-' 

V = volume of sample analyzed in ml 

I I .  Alternative method 

- Spectrdphotometric inethod with stannous chloride (APHA, 1989) 

NB: " If benthic depos~ts are present 111 the area bemg sampled, great care should 
be taken not to include these deposits. " For samples containing arsenate or high levels of iron, add 5 ml of 
sod~um bisulfite, mix and place 111 a 95 "C water bath for 30 minutes. 
Cool and dilute to 50 ml. 



SULPHATE mgl-' 

Working Range 1 - 40 mgl-' Detection limit. 1 mgl-' SO;' 

Precision at 259 mgl-' 4 7 % Accuracy: at 259 mgl-' 1 9% 

Interferences. Suspe~ided matter, SIO? > 500 n~gl- '  

Application 

1. I The method 1s appl~cable to potable, fresh and saline waters and effluents. 

Summary of method 

2.1 Sulphate Ion is reacted wit11 BaC1, to form BaSO, suspension. The 
resulting turbidity 1s then determ~ned by a nephelometer. 

Sampling 

3.1 D~rect, f~ltered through 0.45 pm membrane filter paper. 

Preservation 

4.1 Store at 4 "C 

Apparatus 

5.1 Magnet~c stirrer 
5.2 Nephelometer 
5.3 Stop watch 
5.4 Measuring spoon (capacity 0.2 to 0.3 ml) 

Reagents and chemicals 

6.1 Sodluln sulphate [Na,SO,] (anal ytlcal grade) 
6.2 Barium cliloride [BaCl?] 
6.3 Sodium carbonate [Na,CO,] 
6.4 Sodium chlor~de [NaCl] 
6.5 Conc. hydrochloric acid [HCl] 
6.6 Ethyl alcohol [C2HsOH] 



6.7 Glycerol [C,H,O,] 

7. Preparation of standards and reagents 

7.1 Conditioning reagent 
7.1.1 Add 30 ml conc. HCI, 100 ml 95 % ethanol and 75 g NaCl to 300 

tnl distilled water. 
7.1.2 Add 50 ml glycerol and mix well. 

7.2 Standard sulphate stock solut~on (1.00 ml = 0.100 mg SO,'.) . 
7.2.1 D~ssolve 147.9 mg anhydrous Na2S04 (dried at 105 "C for 1 hour) 

111 delon~zed d~stilled water in a one l~ter volumetr~c flask. 
7.2.2 Dilute to the mark. 

8. Calibration 

8.1 Prepare a serles of standards coverlug the range of 1-40 mgl-' S 0 i 2  by 
diluting the standard sulphate stock solution. 

8.2 Treat the standards as glven in the procedure (9.1-9.3). 
8.3 Plot a calibration curve between the sulphate concentration and 

nephelometric reading. 

9. Procedure 

9.1 Formation of barium sulphate suspension 

9.1.1 Add 100 in1 sample or standard (or a suitable portlon diluted to 
100 ml) Into a 250 Erlenmeyer flask. 

9.1.2 Add exactly 5 ml condition~~lg reagent and stir well. 
9.1.3 Wh~le the solution is be~ng st~rred, add a measuring spoonful of 

BaCl' crystals and start tlrnlng ~mmed~ately. 
9.1.4 Stir exactly for 1 inlnute at a constant speed. 

9.2 Measurement of sulpllate content 
9.2.1 Immedtately after the stlrrrng period has ended, pour solution 

(sample or standard) into an absorbance cell. 
9.2.2 Measure turbidity at 30 second ~ntervals for 4 minutes at 420 nin. 
9.2.3 Record the maxllnuin reading obta~ned in the 4 mlnute period. 

9.3 Correction for sainple colour and turbid~ty 
9.3.1 Run a sample blank us~ng the procedure 9.1 and 9.2 without the 

addit1011 of bar~uin chloride. 
9.3.2 Subtract the sainple blank reading from the BaCI, added sample 

readlng . 
9.4 Read the sulphate content of the sample from the calibration curve. 



10. Calculation 

where; C = SO," concentratron corrected for colour and 
turbidity (from the calibration curve) 

V = volume of the original sample (ml) 
i 

1 1. Alternative method 

- Spectrophotometric method w~th thylnol blue (USEPA, 1983) 



DISSOLVED OXYGEN mgl-' Titrimetric 

Working Range 0.5 - 25 1ng1 ' Detection limit 0 5 mgl-' 

Interferences Oxidizi~lg and reduc~~ig agents, nitrate ions, orgamc matter and Fe > I 
nigl-' 
Tlie azide niod~fication removes iiiterfere~lce caused by mtrite. 
pernlallgailate modificat~on for the presence of ferrous ion. a1u111 
tlocculatlon mod~iication for tlie presence of suspended solids and the 
copper sulphatelsulfani~c ac~d tlocculation modification for activated- 
sludge 1111xed l~cluor 

1. Application 

1.1 The method IS applicable to potable, fresh and saline waters and effluents. 

2. Summary of method 

2.1 Oxygen in the water sample is reduced by divalent manganous ion in the 
presence of alkali forming higher valance state manganic ion. 

2.2 Upon acid~fication with sulfuric acid, the manganic Ion 1s reverted to 
divalent state releasing iodine from the potassium iodide in the solution. 

2.3 The iodine is then titrated with sodium thiosulphate and the dissolved 
oxygen concentration of the sample is calculated from the strength and the 
volume of the titrant. 

3. Sampling 

3.1 D~rect, unfiltered 
3.2 Fill the bottle very carefully w~thout trapping air bubbles. 

4. Apparatus 

4.1 BOD incubation bottles with tapered ground glass pointed stoppers and 
flared mouths (capacity 300 ml) 

4.2 Graduated pipettes (2.0 ml) 

5 .  Reagents and chemicals 

5.1 Manganous sulphate [MnS0,.4Hz01 
5.2 Sodium hydrox~de [NaOH] 



Sodiunl ~odide [ NaI] 
Sod~um az~de [NaN,] 
Salicylic ac~d [C,H,(OH)COOH) 
Chloroform [CHCI,] 
Conc. sulfur~c acid [H2S04] 
Starch 
Potassium fluoride [KF.2H201 
Sodium thiosulphate INa2S,0,.5H201 (analyt~cal grade) 
Potassium bi-lodate [KH(IO,),] 

6. Preparation of standards and reagents 

6.1 Manganous sulphate solution 
6.1. I Dissolve 480 g Manganous sulphate in d~stilled water and dilute to 

one liter. 
6.2 Alkaline ~odidelaz~de solution 

6.2.1 Dissolve 500 g of sodium l~ydroxlde and 135 g of NaI in distilled 
water and dilute to one liter (or 700 g of KOH + 150 g of KI). 

6.2.2 Add 10 g of sodium azide dissolved In 40 ml of distilled water. 
6.3 Starch solutlon 

6.3.1 Prepare an emuls~on of 10 g soluble starch and 0.2 g sal~cyl~c ac~d 
in a beaker wit11 a small quantity of dist~lled water. 

6.3.2 Pour th~s emulslon Into one liter of boding water and allow to boil 
for few minutes. 

6.3.3 Let settle overnight. 
6.3.4 Store the clear supernatant 111 an airtight bottle. 

6.4 Potassiuln fluor~de solutio~l 
6.4.1 Dlssolve 40 g potassium fluoride in dist~lled water. 
6.4.2 Dilute to 100 ml. 

6.5 Standard sodium thiosulphate (0.0375 N) solution (1 ml 1s equivalent to 
0.300 mg of DO) 
6.5.1 D~ssolve 9.3075 g of sodium th~osulfate in distilled water and 

dilute to 1 liter. 
6.5.2 Preserve by adding 5 ml of chloroform. 
6.5.3 Standardize with 0.0375 N potassium bl-lodate solut~on procedure 

(7.1). 
6.6 Standard potassium bl-lodate (0.0375 N) solution 

6.6.1 Dlssolve 4.873 g of potasslum bl-iodate (dried for 2 hours at 103 
"C) In 1000 ml d~stilled water. 



7. Procedure 

Standardization of sodium thiosulphate 
7.1.1 Dissolve approximately 2 g of potasium iod~de in 100 to 150 ml 

dlstllled water. 
7.1.2 Add 10 ml of 10% H,SO, followed by 20 ml standard potasslum 

bl-iodate solutlon (6.6). 
7.1.3 Place in the dark for 5 mlnutes. 
7.1.4 Dilute to 300 ml with distilled water and titrate wlth the sodium 

th~osulphate solutio~i (6.5) to a pale straw colour. 
7.1.5 Add 1-2 ml starch solution and contlnue the titratlon carefully unt~l 

the blue color disappears. 
7.1.6 Repeat the t~tration at least twlce and calculate the normality of 

sodlurn thiosulphate 
To the sample collected in the BOD ~ncubat~on bottle (300 ml), 
immediately add 2 ml of the manganous sulpliate solution. 
Add 2 ml of the alkaline iodide-azide solution. 
Stopper with care to exclude alr bubbles and rnlx well by lnvertlng the 
bottles several tlmes. 
When the precipitate IS settled. shake again. 
When settling has produced a precipitate less than 113 of the bottle 
volume, transfer the sample bottle to the laboratory, fully dipped in a 
water bath at amblent temperature. 
In the laboratory, add 2 ml of conc. H,SO, by allowing the ac~d  to run 
down the neck of the bottle. 
Re-stopper and mix by gentle lnverslon until the iodine is uniformly 
distributed throughout the bottle. 
Transfer the entire bottle content by inversion Into a 500 ml w~de  mouth 
flask. 
T~trate with 0.0375 N thiosulphate solut~on to pale straw colour. 
Add 1-2 ml of starch solution and continue the titration to the first 
d~sappearance of the blue color. 

8.  Calculation 

8.1 Each ml of 0.0375 N sodium th~osulphate titrant IS equivalent to 1 mg DO 
when the entire bottle content is titrated. 

8.2 The solubility of DO In distilled water, 

DO, mgl  -l = 
( P  - p )  x 0 . 8 7 8  at 0  - 300C 

( 3 5  + T )  0 . 6 9 8  



DO, m g l  = 
( P  - P) X 0 . 8 2 7  at  3 0 -  500C 

( 4 9  + T )  0 . 6 9 8  

where; P (mmHg) = barometric pressure 
T ("C) = temperature 
p (mmHg) = saturated vapor pressure 

' 
8.3 If the results are deslred In mll-' DO, multlply mgl" DO by 0.698. 

9. Alternative method 

- Oxygen membrane electrode method (Fresenius, 1988) 

NB: * If ferric ion 1s present (100 to 200 mgl-'), add 1.0 ml of KF 
solut~on before acidification. 

* Add starch after getting the pale straw colour. 
* Conduct the tltration on a magnetic stirrer to get a sharp end point. 



BIOCHEMICAL OXYGEN DEMAND mgl-' BOD, Titrimetric 

Working Range- 0 5 - 25 mgl-' Detection limit 0 5 mg1-' DO 

Precision at 2 1 mgl-' BOD, 33 % 
t 

I .  Application , 

1.1 The method is applicable to potable, fresh and sal~ne waters and effluents. 

2. Summary of method 

2.1 Dissolved oxygen IS measured in~tlally In the air saturated sainple and 
after Incubation for 5 days. 

2.2 BOD, is calculated from the difference between dissolved oxygen before 
and after ~ncubat~on. 

3. Sampling 

3.1 Direct. unfiltered 
3.2 Fill the bottle very carefully without trapplng alr bubbles. 

4. Apparatus 

4.1 Standard BOD bottles (300 ml capacity) 
4.2 Water bath (tliermostat~cally controlled at 25 _+ I 'C) 

5 .  Reagents and chemicals 

Potassium dihydrogen phospl~ate IKH,PO,I 
Potasslum hydrogen pl~osphate [K,HPO,] 
Sodlum hydrogen phosphate [Na,HPO4.7H,O1 
Magnes~u~n sulphate IMgS0,.7H20] 
Calc~uin chlorlde [CaClz] 
Ferric clilor~de [FeCI3.6H,Ol 
Sodlu~n sulf~ee I Na,S03] 
Ammonium chlor~de (NH4CI] 
Conc. sulfuric acid [H,S04J 
Sod~u~n hydroxide [NaOH I 



6. Preparation of standards and reagents 

Phosphate buffer solution 
6.1.1 Drssolve 8.5 g potasiurn drhyrogen phosphate, 2 1.75 g potasrum 

hydrogen phosphate, 33.4 g sodium hydrogen phosphate and 1.7 
g amonrum chlorlde in about 500 ml distrlled water and d~lute to 
1 l~ter (pH should be 7.2 without adjustment.) 

Magnesium sulphate solution 
6.2.1 Dissolve 22.5 g magnesium sulphate In d~stilled water. 
6.2.2 Dilute to 1 liter. 
Calc~um chloride solutlon 
6.3.1 Dissolve 27.5 g calcrurn chlorlde in distilled water. 
6.3.2 Drlute to 1 Irter. 
Ferrrc chloride solutron 
6.4.1 Dissolve 0.25 g ferr~c chlorlde In distilled water. 
6.4.2 Dilute to I liter. 
Ac~d solutron 
6.5.1 Add 28 ml conc. H2S04 acld slowly to distllled water and dllute to 

1 llter in a cool water bath. 
Alkall solutron 
6.6.1 Dlssolve 40 g sodrum hydroxide in distllled water and drlute to 1 

liter. 
Sodlurn sulfite solution (prepare dally) 
6.7.1 D~ssolve 1.575 of sodium sulfite in 1000 ml distilled water. 
Ammonrum chlorlde solut~on 
6.8.1 Drssolve 1.15 g amonium chloride in about 500 ml dlst~lled water 

and adjust pH to 7.2 wrth NaOH solution. 
6.8.2 Dilute to 1 Ilter. 
Preparation of drlution water 
6.9.1 Place a desired volume of dist~lled water In a suitable bottle arid 

add 1 In1 each of phosphate buffer, MgSO,, CaCl, and FeCl, 
solut~ons per liter of water ( ~ f  desrred, seed dilutlon water by 
adding a small amount of micro-organisms e.g. untreated waste 
water). 

6.9.2 Before use, br~ng temperature of dilution water to 25 "C. 
6.9.3 Saturate with Dissolved Oxygen (DO) by shak~ng rn a partially 

filled bottle or by aeratlng with organic free filtered alr. 
6.9.4 Store rn cotton plugged bottles long enough for water to become 

saturated wrth DO. 



Procedure 

7.1 Sample pretreatment 
7.1.1 Neutral~ze samples to pH 6.5 to 7.5 w~th a maxlmum volume of 

1.5 ml of either sulfur~c ac~d or sodium hydroxtde. 
7.1.2 If res~dual clilor~ne 1s present, dechlor~nate the sample by add~ng 

Na,S . 
7.1.3 For samples contalnlng more than 9 mgl-I DO at 25 "C, to prevent 

loss of oxygen durlng ~ncubat~on, reduce DO to saturatlou level by , 

brlng~ng the sample to about 20 ('C 111 a part~ally filled bottle wh~le 
agitating by vlgorous shaking. 

7.1.4 In case of BOD determinat~on of waste water, add 3 mg of 2- 
chloro-8 (tr~chloro methyl) pyr~dtne to each 300 ml bottle before 
capplng or add sufficient amounts to the d~lut~on water to make a 
final concentratloll of 10 ingl-I 

7.2 Dllution techn~que 
7.2.1 D~lute d~fferent waste water types In BOD bottles as glven below 

w~th dilut~oii water. 
Type of water Dilution 
I ndus tr~al waste 0-1 % 
Row and settled waste water 1-5 % 
B~olog~cally treated effluent 5-25 % 
Polluted river water 25-100% 

7.2.2 When seeding IS necessary, add seed d~rectly to dilution water or 
dlrectly to the BOD bottles. 

7.2.3 Fill bottles with enough d~lution water, so that ~nsertion of stopper 
w~ll displace all alr, leav~ng no bubbles. Be careful not to sp~ll the 
sample. 

7.2.4 Incubate t~ghtly stoppered BOD bottles covered wlth alum~n~urn 
for1 at 25 f 1 "C dipped In a water bath for 5 days. 

7.3 Determ~nat~on of ~nltial DO 
7.3.1 To the or~ginal sample (300 ml) collected in the BOD incubat~on 

bottle or the sample diluted to 300 ml w~th dilution water, 
immediately add 2 ml of the manganous sulphate solutton. 

7.3.2 Add 2 ml of the alkal~ne ~odide-az~de solut~on. 
7.3.3 Stopper, with care to exclude alr bubbles and mix well by 

~nverting the bottles several tlmes. 
7.3.4 When the precipitate IS settled, shake again. 
7.3.5 When settling has produced a prec~pitate less than 1/3 of the bottle 

volume, transfer tile sample bottle to the laboratory, fully d~pped 
in a water bath at ambient temperature. 

7.3.6 In the laboratory, add 2 mi of colic. H,SO, by allow~ng the ac~d to 



run down the neck of the bottle. 
7.3.7 Re-stopper and mlx by gentle inversion until the Iodine is 

uniformly distributed throughout the bottle. 
7.3.8 Transfer the entire bottle content by lnverslon into a 500 ml w~de 

mouth flask. 
7.3.9 Titrate w~th 0.0375 N thlosulphate solution to pale straw color, 

add 1-2 in1 of starch solution and continue the tltratlon to the flrst 
disappearance of the blue colour. 

7.4 Determination of final DO 
7.4.1 Follow the procedure 7.3.1-7.3.9 for the sample incubated for 5 

days. 

8. Calculation 

8.1 Each ml of 0.0375 N sodium thiosulphate titrant is equivalent to lmg DO 
when the entire bottle content 1s t~trated. 

8.2 When d~lution water is not seeded: 

8.3 When d~lut~on water IS seeded: 

where; D 1 = DO of d~luted sample ~mmediately after preparation 
(mg1-l) 

D 2 = DO of diluted sample after 5 day incubation at 25 
"C (n1gl-I) 

D - - dllut~on factor 

BI = DO of seed control before Incubation (mgl-') 
= DO of seed control after incubation (mgl") 

f = (% seed in diluted sample)/(% seed ~n seed 
control) 

9. Alternative method 

- Oxygen membrane electrode method (Fresen~us, 1988) 

NB: * It 1s necessary to have mlcro-organlsins capable of oxidizing the 
b~odegradable organic matter In the samples that do not contain suffic~ent 
m ~crobial populat~ons. 

* Long storage between collect~on and analysls may degrade the samples, 



resulting in low BOD values. 
* Special study and treatment are needed for the samples containing toxlc 

substances such as lndustr~al wastes. 
* Dllut~on that results in a range of 1 to 2 mgl-' of res~dual DO after 5 days 

of incubation produces the most reliable results. 



CHEMICAL OXYGEN DEMAND mgl-' COD Titrimetric 

I .  Application 

1.1 The method is appl~cable to potable, fresh and saline waters and effluents. 

r 

3 -. Summary of method 

Working Range. 5 - 50 nlgl-' COD 

Precision : at 12.3 nigl ' COD 34% Accuracy at 12 3 mgl-' COD 0.3 % 

Interferences Traces of orgaiuc matter and chlorides 

2.1 Organlc and oxidizable inorgan~c substances In the sample are oxld~zed by 
, potasslum d~chro~nate In ac~d medium. 
I 2.2 The excess dlchromate 1s t~trated with standard ferrous ammonlum 

sulphate. 

3.  Sampling 

3.1 Direct, filtered through 0.45 pcn membrane fllter paper. 

4. Preservation 

4.1 Preserve at 4 "C with H,SO, to pH < 2 

5 .  Apparatus 
1 

5.1 Reflux apparatus 
The apparatus should conslst of a 500 ml Erlenmeyer flask or a 300 ml 
round bottom flask made of heat-res~stant glass connected to a 12 Inch 
All~hn condenser by means of a ground glass jolnt. 

6. Reagents and chemicals 

6.1 Dist~lled water (should be very low in organic matter) 
6.2 Potasslurn dlchromate [K,Cr,O,] (analytical grade) 
6.3 Conc. sulfuric acid (H,SO,] 
6.4 Ferrous ammonluln sulphate [Fe(NH,),(S0,)2.6H,0] 



6.5 Ferrous sulphate [FeS0,.7H,O] 
6.6 Mercurrc sulphate [ HgSO,] 
6.7 Potassium hydrogen phthalate [C,H,O,K] 
6.8 1- 10 (ortho) Phenanthrollne 
6.9 Silver sulphate [Ag,SO,] 

7. Preparation of standards and reagents 

7.1 Organic free drstilled water 
7.1.1 Prepare organlc free water by treating distilled water w~th 

activated carbon followed by mixed-bed ion~zat~on and filtration 
through membrane filter paper. 

7.1.2 Irradiate under ultra v~olet I~ght for one hour and purge nitrogen 
just before use. 

7.2 Standard potasslum dichromate solut~on (0.25 N) 
7.2.1 Dissolve 12.259 g potasium dicromate (dried at 103 'C for two 

hours) in distilled water (organic free). 
7.2.2 Dilute to 1000 ml. I 

7.3 Sulfuric acrd/s~lver sulphate solution 
7.3.1 Add well ground 5.04 g of silver sulphate in 500 ml of conc. 

H,SO,. Keep for two days to dissolve Ag2S04 
7.4 Standard ferrous amlnonlum sulphate solution (0.25 N) 

7.4.1 Dissolve 98 g of ferrous amonium sulphate in distilled water 
(organ~c free). 

7.4.2 Add 20 ml conc. H,SO,, cool and dilute to 1 liter (standardize this 
solut~on daily against K2Cr,0, solut~on.) 

7.5 Phenanthrolinelferrous sulphate indicator solution (Ferroin indicator) 
7.5.1 Dissolve 1.48 g of 1 - 10 (ortho) phenanthroline monohydrate, 

together with 0.70 g of ferrous sulphate in 100 ml of distrlled 
water (organic free). L 

8. Procedure 

8.1 Standardization of ferrous ammonlum sulphate solution 
8.1.1 Add 25.0 ml of 0.25 N potaslum dicromate solution to 200 ml of 

distilled water (organ~c free). 
8.1.2 Add 20 ml of conc. H,SO, carefi~lly and cool. 
8.1.3 Add three drops of ferroin indicator and titrate with ferrous 

ammonium sulphate solutron (7.4) to a sharp end polnt from blue 
green to reddish brown. 

8.1.4 Calculate the normal~ty of ferrous ammonlum sulphate solut~o~l 
using the formula grven below: 



where; v 1 = volume of K,Cr,07 (ml) 
v 2 = volume of Fe(NH,),(SO,), (ml) 

Transfer 50 ml of sample (or an aliquot diluted to 50 ml)' Into a reflux 
flask with few glass beads and I g of HgSO, 
Add very slowly 5.0 ml conc. H2S0, while mixing to dissolve mercurlc 
sulphate (cool while mixing to avoid posslble loss of volatile materials). 
Place reflux flask in an ice bath and slowly add (with swirling) 25 ml of 
0.25 N K2Cr,07 
Coililect the flask to the condenser and turn on the water cooler. 
Add 70 ml of sulfuric acidlsilver sulphate solution (7.3) through the open 
end of the condenser and mix well before heating. 
Cover the open end of the condenser wlth a small beaker. 
Apply heat to the flask and reflux for 2 hours. 
Allow the flask to cool and wash down the condenser with about 25 ml of 
distilled water (organic free). 
Transfer the solution volumetrically to a 500 ml Erlenmeyer flask. 
Dilute the solution to about 300 ml with distilled water and allow the 
solution to cool to room temperature. 
Add 8 to 10 drops of ferroin lndlcator to the solution and titrate the excess 
dlchromate with 0.25 N ferrous ammonium sulphate solution (colour 
change at the end point-a blue-green to a reddish brown). 
Simultaneously run a blank determination using organic free distilled 
water in place of the sample. 

9. Calculation 

( Vl-V,) N x 8 0 0 0  
COD, mgl  = 

v3 

where: v 1 = volume of Fe(NH,),(SO,), solution required 
for titration of the blank (ml) 

v 2 = volume of Fe(NH,),(SO,), solution requ~red 
for titration of the sample (ml) 

N = normality of the Fe(NH,),(SO,), solut~on 
(eql-') 

v3 = volume of original sample used for titration 
(ml) 



NB: * When chloride 111 the sample exceeds 1000 mgl-', add mercurlc sulphate 
to the digestion flask to complex the chlor~des,  thereby e l ~ m i n a t ~ n g  the 
~nterference. 



TOTAL ORGANIC CARBON (TOC) mgl-' IR spectrophotometric 

Working Range- 0 5 - 40 mgl" C Detection limit. 0.1 mgl-' C II 
Precision - at 2.2 mgl-' C 5.9 % 

at 38.0mgl" C 3.7% 
Accuracy at 2.2 mgl" C 5.9 % 

at 38.0mgl- 'C 3.7% 

Interferences. Chloride > 0.1 % ; excessive acidificatioli I) 
1. Application 

1.1  The method is applicable to potable, fresh and sallne waters and effluents. 

2. Summary of method 

2.1 The sample is acidified to reinove inorganic carbon and oxidized with 
persulphate. 

2.2 The resultant CO, 1s measured by a Total Organic Carbon Analyzer. 

3. Sampling 

3.1 Direct, filtered through 0.45 pm membrane filter paper. 

4. Preservation 

4.1 Preserve at 4 OC with H,S04 to pH < 2 

5. Apparatus 

5.1 Total Organic Carbon Analyzer 

6. Reagents and chemicals 

6.1 Distilled water (organics free) 
6.2 Conc. sulfuric acid [H,SO,] 
6.3 Potassium biphthalate [C,H,O,K] (analytlcal grade) 
6.4 Sodium carbonate [Na,C03] (analytical grade) 
6.5 Sodlum bicarbonate [NaHCO,] (analytlcal grade) 
6.6 Potassium persulphate [K,S,O,] 
6.7 Phosphoric acid [H3P04] (85 %) 



6.8 Air (CO, free) 
6.9 Any gas fCO, free) 

7. Preparation of standards and reagents 

7.1 Organic free water 
7.1.1 Prepare organlc free water by treating with actrvated carbon 

followed by mixed-bed lonizatlon and filtration through membrane 
filter paper. . 

)I 

7.1.2 Irradiate under ultra violet l~ght for one hour and purge wltl~ 
nitrogen just before use. 

7.2 Standard organic carbon stock solutloi~ (1 ml = 1 mg C) 
7.2.1 D~ssolve 2.1254 g anhydrous potassium blphthalate in organic free 

water and dilute to 1000 in]. 
7.2.2 Preserve by actdifylng with H,SO, to pH <2. 

7.3 Standard inorganic carbon stock solution (1 ml = 1 mg C) 
7.3.1 Dissolve 4.4122 g anhydrous sodium carbonate (dr~ed at 105 "C 

for 1 hour) In organlc free distilled water. 
7.3.2 Add 3.497 g anhydrous sod~um b~carbonate and dllute to 1000 ml. 
7.3.3 Do not acidify (keep tightly stoppered). 

7.4 Phosphoric acid solution (1.2 N) 
7.4.1 Add 83 ml H3P04 (85 %) to organic free distilled water and dllute 

to 1 I~ter. 

8 Calibration 

8.1 Prepare two series of standards covering the range of 0.5 - 40 mgl-' C by 
d 11 ut~ng both organlc and inorganic standard stock solutions. 

8.2 Inject the standards and calibrate the instrument according to the 
instruction manual (use organic free acidified d~stilled water as blank). 

8.3 Plot the calibration curve of peak area of each standard versus 
concentration of organic and iilorganrc carbon (mgl-') respect~vely. 

9. Procedure 

9.1 If inorgan~c carbon is to be measured, inject samples directly and 
determ~ne sample concentrations from the calibration curve for lnorganlc 
carbon. 

9.2 If Inorganic carbon is to be removed, transfer a portion of 10- 15 ml of the 
sample to a 30 in1 beaker and add phosphoric acid to reduce pH to 2 or 
less. Purge wlth gas for 10 minutes and then inject samples to the total 
carbon analyzer to determ~ne organlc carbon concentration of the samples 



from the calibration curve for organic carbon. 

10. Calculation 

10.1 Read non-purgeable (i.e. non volatile) organlc carbon concentration from 
the calibrat~on curve. 

1 1 .  Alternative method 
*- 

- UV promoted persulphate oxldatlon method (USEPA, 1983) 

NB: * Chloride interference can be eliminated by the addition of mercuric nitrate 
to the persulphate solution. 



5.5 Microbiological Parameters 

TOTAL COLONY COUNT Cololl~es I ml-' Pour Plate Culture 

I .  Application 

1.1 The method is applicable to potable and surface water and effluents. 
* 

2. Definition 

2.1 In the context of the method, the colonies are comprised of bacterla yeast 
and moulds capable of growlng under speclfic conditions. 

3. Summary of method 

3.1 After mixing of test volumes of water samples with molten Yeast-Extract 
Agar in Petri dishes, incubate under the condit~ons specifled and coullt the 
colonles that are developed. 

4. Apparatus 

Incubator with a thermostat 
Petri dishes (10 cm diameter) 
Conical flasks 
Thermometer (precision 0. I "C) 
Pipettes (bacterlological) 
Gas burner (or splrit lamp) 
Colony counter 
Water bath 
Autoclave 

5. Reagents and culture media 

5.1 Potassium mono hydrogen posphate [K2HP0,J 
5.2 Sodium hydroxide [NaOH] 
5.3 Magnisium chloride [MgC121 
5.4 Nutrient Agar (pH = 7.0 + 1 after ster~llzation) prepared by mixing 

Tryptone 5.0 g 
Yeast extract 2.5 g 
Glucose 1.0 g 
Agar 15.0 g 



Sterilized distilled water 1 1 

6. Procedure 

6.1 Preparation of samples 
6.1.1 Invert the sample bottle rapidly several times In order to disperse 

any sediment. 
6.1.2 Remove the stopper or cap, and retain in the hand. 
6.1.3 Sterile the mouth of the bottle with a flame, pour off some of the 

contents, replace the stopper or cap and agaln shake the bottle in 
order to distr~bute any organisms uniformly throughout the water. 

6.2 Diluent (quater-strength Ringer's Solution) 
6.2.1 Ringer's Solution (quater-strength) 

Sodium chlorlde 2.250 g 
Potassium chloride 0.105 g 
Calcium chloride (anhydrous) 0.120 g 
Sodium b~carbonate 0.050 g 
D~stilled water 1 I 
Dissolve the ingredients and d~sperse them In convenient values. 
Sterile by autoclav~ng at 121 "C for 15 minutes. 

6.3 Mak~ng the dilution 
6.3.1 Measure out 90 or 9 ml of the d~luent ~nto sterile dilution bottles 

or tubes. 
6.3.2 Make one or more ten fold d~lut~ons by transferring one volume of 

water sample to 9 volumes of d~luent and so on. 
6.3.3 Prepared sufficient amount for each d~lution for all the tests to be 

carr~ed out on the sample. 
6.4 Preparat~on of the sample 

6.4.1 Use the raw sample, make one, two or more ten fold dilut~ons of 
i t  according to the bacter~a content expected. 

6.4.2 Measure 1 ml volumes from the highest d~lut~on Into each of the 
' 

two Petr~ d~shes and, uslng the same plpette, from the other 
dilutions and finally from the und~luted sample into each of the 
four separate Petri dishes. 

6.4.3 Pour 15 ml of Yeast-Extract Agar, (previously melted and cool to 
45-50 OC) Into each Petri dish. 

6.4.4 Immediately mix the water and the agar by rap~d but gentle to-and- 
fro and c~rcular movements for 5- 10 seconds keeping the Petri dish 
flat on the bench throughout. 

6.4.5 Allow the agar to set, invert the Petrl dishes and place them In the 
incubator. 

6.5 Incubation and examination of the cultures 



6.5.1 Incubate the two plates made with the h~ghest dilution at 20-22 "C 
for three days. These extra plates allow for the higher counts 
expected at this temperature. 

6.5.2 Incubate two of each of the remaining sets of plates at 37 "C for 
24 +_ 3 hours and two at 20-22 OC for three days. 

6.5.3 Count the colonres as soon as the plates are removed from the 
~ncubator. If th~s IS not possible, keep the plates at 4 "C for not 
longer than 24 hours. 

5 

NB: * Nutrient agar should be liquif~ed In boil~ng water and cooled to 46 + 2 
"C before use. Before I~qu~fying, visual inspection should be carr~ed out 
to check whether nutrient media IS free of secondary ~nfect~on. 

* Before pourlng the nutrient media, the tube edge should be flamed. 
Only the culture plates not exceeding 300 colon~es per ml should be used 
to enumerate the micro-organisms. 

* If the colonies determ~ned lie above 100, the f~gures are rounded off to 
complete tens, in the case of values over 1000, to complete hundreds and 
SO on. 

* It is a common practice to indicate the nutrient media used and the 
duration and the temperature of ~ncubation in the analysis report. 

* Take the average of the counts in each pair of plates and mult~ply the 
result by the dilution factor. If the number of colonies exceed 300 per ml, 
choose a dilution level 111 which the number of colon~es l~es  between 30 
and 300 and count the colonies in those plates. 

* If the plate made w~th the highest dilution contains more than 300 colonies 
per ml, either try to count them and report the results as an approximate 
or express the count as more than 300n colony forming units per ml where 
n represents the dilution factor. 



TOTAL COLONY COUNT Colonies 100 ml-' Membrane Filter Method 

1 .  Application 

1.1 The method 1s applicable to potable water, surface water and effluents. 

2. Definition 

In the context of the method, mlcro-organisms wh~ch produce acid from 
lactose and form yellow colonies on membranes after incubatlon for 4 
hours at 30 'C followed by 14 hours at 37 ('C are regarded as 
presumptive coliform organisms. Slmilarl y m icro-organisms wh~ch 
produce lactose after incubatlon for 4 hours at 30 'C followed by 14 hours 
at 44 "C are presumed to be thermotolerant coliform organisms. E. coli 
1s a thermotolerant coliform organism wh~ch produces gas from lactose (or 
manitol) and which also produces Indole from tryptophan. 

3. Summary of method 

3.1 Isolate the micro-organisms on a membrane placed on an absorbent pad 
saturated with a broth containing lactose and phenol red as an ind~cator of 
acidity and subsequently conflrm the ability to produce gas and Indole 
where necessary. 

4. Apparatus 

Membrane-filteration unit (Mil ipore) 
Membrane filters (47 mm diameter; 0.45 pm pore size) 
Absorbance pad (47 mm diameter; 1 mm th~ckness) 
Incubator 
Petri dishes 
P~pettes (bacteriological) 
Colony counter 
Water bath 
Autoclave 

5.  Reagents and media 

5.1 Membrane Lauryl Sulphate Broth (PHLS/SCA, 1980B) 
Peptone 40 g 
Yeast Extract 6 g 



Lactose 30 g 
Phenol red (0.4% w/v aqueous solution) 50 mi 
Sodium laur-yl sulphate - specially pure 1 g 
Distilled water 1 1  
Add the ingredients to the water and mix gently to avoid froth. The final 
pH of the medium should be 7.4 to 7.5 and rt may be necessary to adjust 
the pH to about 7.6 before sterilization to achreve this. D~strrbute in 
screw-capped bottles and autoclave at 1 15 "C for 10 minutes. . 

NB: * The media used with membrane fillters differ in composrtion from 
those of the Mult~ple Tube Method and Pour Plate Culture Method 
because membranes selectrvely absorb some substances but not 
others. 

6. Procedure 

6.1 Preparation of the samples 
6.1.1 The volumes should be choosen such that the number of colonres 

to be counted on the membrane lies, rf possrble, between 10 ml 
and 100 ml. 

6.1.2 For treated waters, filter 100 ml of the sample. 
6.1.3 For polluted waters, either frlter small volumes or drlute the 

samples before filtration. 
6.2 Filteration 

6.2.1 Place the sterrle filterat~on apparatus in positron and connect to a 
source of vaccum. 

6.2.2 Remove the funnel and place a sterile membrane (gird side 
upwards). 

6.2.3 Replace the sterile funnel on the frlter base. 
6.2.4 Pour or pipette the required voulme of water sample into the 

funnel. 
6.2.5 Open the stop cock and apply the vaccum (500 mm Hg). 
6.2.6 Close the stop cock as soon as the sample has been filtered. 
6.2.7 Remove the funnel and transfer the membrane carefully either to 

a pad saturated with the medium or to a well dr~ed agar plate 
(ensure that no air bubbles are trapped between the membrane and 
the medium). 

6.2.8 Pour any excess of medium from the saturated pad either before 
or after the membrane 1s placed 111 posrtlon. 

NB: * For different v6luines of the same sample, the funnel may be re- 
used without boll rng provrded that the smallest volumes are filtered 



first. 
* For dlffereilt samples, remove a funnel from the boiling water 

bath, allow to cool and repeat the filteration procedure. 
* After filtration of each sample, disinfect the funnel by immersion 

in bolling distilled water for at least one minute. 
6.3 Incubation and examination 

6.3.1 Place the Petri dishes with the membrane inside a container with 
a tightly fitting lid to prevent drylng out. 

6.3.2 Incubate the membrane at the temprature for the duration of time 
specified for the organism sought. 

6.3.3 After incubation count the characteristic colonies on the membrane 
within a few minutes under good light (if necessary use a hand 
lens). 

6.3.4 Express the results as the number of indicator organisms per 100 
ml of water sample. 

Advantages * A quick method by which results can be obtained as direct 
counts. 

* There 1s a considerable saving on labour, in the amount of 
media, and the glassware required. 

* The conditions of ~ncubation can be vaned easlly to 

encourage the growth of slow growing organisms. 

Limitations * Gas production, for example, by col iform organisms 1s not 
detected. 

* Membranes are not suitable for use with waters of high 
turbidity or those containing small numbers of indicator 
orgallisms sought. 

7. Incubation and Examination of Membranes for Thermotolerant Coliforms 
and E. coli 

7.1 Incubate the membranes for 4 hours at 30 "C and then for 14 hours at 44 
+ 0.25 "C. 

7.2 Count the yellow colonies within a few mintues of removal from the water 
bath or incubator. 

NB: * Provided that the membranes are not overcrowded, colonies of 
E.coli usually have characteristic apperance of bright yellow in 
colour and are more than I mm in d~ameter. 

* Total incubation period of 18 hours 1s recommended for the 

enumeration of coliform organisms and E. coli. 



* It is important to note that the cou~lts of yellow colon~es at 37 "C 
and 44 OC are only presumptive results and for potable water ~t is 
essential to carry out confirmative tests for coliform organisms and 
E.coli in order to asses the sanitary significance of the results. 

8. Confirmation and Determination of Coliform Organisms 

8.1 Subculture all yellow colonies or a representatwe number of them, in 
tubes of Lactose Pepton Water conta~ning an inverted (Durham) tube in t 

order to detect gas formation. 
8.2 Incubate these tubes at 37 "C and examine them for the presence of acid 

and gas after 24 hours, and ~f the results are negative re-examlne after a 
further period of 24 hours. 

8.3 It IS advantages to subculture after 6 hours of incubation from the Lactose 
Peptone Water and plate on Nutrrent-Agar and Mac Conkey-Agar to check 
the purlty and colon~al appearance. 

9. confirmation of E. coli 

9.1 Subculture all yellow colon~es or a representative number of them In tubes 
of Lactose Peptone Water and In tubes of Tryptone Water. 

9.2 Incubate them at 44 'C for 24 hours and examlne the tubes of Lactose 
Peptone water for the presence of acid and gas. 

9.3 Add 0.2-0.3 in1 of Kovac's reagent to the tubes of Triptone Water. 
Development of red colour indicates the production of ~ndole. 

NB: * Yellow colonies on membranes ~ncubated at 44 "C are regarded as 
E. coli if acid and gas are produced in Lactose Peptone Water and 
if the Indole Test IS positive. 

9.3.1 Tryptone Water for lndole Reaction 
Certain peptones which glve sat~sfactory results 111 tests at 37 'C 
are not satisfactory for the ~ndole tests at 44 "C. Oxoid tryptone 
has been found sat~sfactory and 1s recommended. 
Tryptone (Oxoid) 20 g 
Sod~um chlor~de 5 g 
Distilled water 1 1  
Dissolve the above ingredients in the water and adjust to pH 7.5. 
D~stribute in 5 ml voluines and autoclave at 115 "C for 10 minutes. 



9.3.2 Kovac's Reagent for Indole Test 
Parad imethylam inobenzaldehyde 5 g 
Amy1 alcollol (analytical grade 
and free from organic bases) 75 ml 
Hydrochloric acid (concentrated) 25 ml 
Dissolve the aldehyde in alcohol. Add the concentrated acid w~th 
care. Protect from light and store at 4 "C. 
(The reagent should be l~ght yellow to light brown in colour; some 
samples of amyl alcohol are unsatisfactory, and give a dark colour 
with the aldehyde). 

9.3.3 Lactose Peptsne Water 
Peptone 10 g 
Sodium chloride 5 g 
Lactose 10 g 
Phenol red (0.4 % w/v aqueous solution) 2.5 ml 

(or Andrade's indicator) (10 ml) 
Distilled water 1 1  
Dissolve the above ingredients in the water and adjust to pH 7.5. 
Add phenol red ind~cator and distribute in 5 ml volumes Into tubes 
containlng inverted fermentation (Durham) tubes. Alternatively, 
adjust to pH 6.8 to 7.0, and add the Andrade's ~nd~cator. 
Autoclave at 110 "C for 10 minutes. Alternatively, steam each 
sample for 20 minutes for three successive days. Test for sterility 
by incubation at 37 "C for 24 hours. 

9.3.4 Mac Conkey Agar 
Bile salts 5 g 
Peptone 20 g 
Lactose 10 g 
Sodium chloride 5 g 
Agar 12 g 
Neutral red ( I  % w/v aqueous solution) 5 ml 
Distilled water 1 1  
Add the above ingredients to the water and steam to dissolve. 
Distribute into screw-capped bottles and autoclave at 115 "C for 10 
minutes. For use, melt In steam and pour 15 ml Into each sterile 
Petri dlsh. 

9.3.5 Nutrient Agar 
Nutrient broth gelled by the add~tion of agar 



9.3.6 Nutrient Broth 
Meat extract 10 g 
Peptone 10 g 
Sodium chloride 5 g 
Distilled water 1 1  
Add the above ingredients to the water and heat to dissolve. 
Adjust the pH to about 8.2 with a solution of sodium hydrox~de 
and boil for 10 minutes. Clarlfy by filteration and adjust to pH 
7.2-7.4. D~spense in bottles or tubes and autoclave at 115 ('C for I 

10 minutes. 



TOTAL COLIFORM Counts 100 mi-' Multiple Tube Fermentation 

1. Application 

1. I The method is applicable to potable water, surface water and effluents. 
> 

2. Definition 
V 

2.1 In the context of the method, coliforin organisms ferment lactose w~thin 
48 hours at 37 'C producing ac~ds and gases. Thermotolerant coliform 
organisms (e.g. E. coli) show the same firmentative properties in 24 hours 
at 44 'C and produce indole from tryptophan. 

3, Summary of method 

3.1 Water samples or their dilutions are inoculated in a su~table broth (liquid 
nutrient medium). At the end of the incubation period, the tubes are 
examined for gas production by the col~form organisms. Th~s  test is 
known as a Presumptive Test since gas can also be produced by bacteria 
in addition to coliform organisms. The positive tubes of the presumptive 
test are subjected to a Confirmatory Test followed by a Completed Test. 

4. Apparatus 

4.1 Fermentation tubes 
4.2 tnoculationloops 
4.3 Water bath with a thermostat 
4.4 Durham vials 
4.5 Microscope 
4.6 All the other basic materials required for total coliform counts 

5. Reagents and cultire media 

5.1 Potasium dihydrogen phosphate [KH,PO,] 
5.2 Sodium hydroxide [NaOH] 
5.3 Magnesium chloride [MgCI,] 
5.4 Mac Conkey's Broth (single strength medium: pH = 7.4-7.5) 

5.5 Brilliant-green Lactose Bile Broth (pH = 7.2) 
Peptone 10.0 g 
Lactose 10.0 g 



Ox bile (dehydrated) 
Brilliant-green 
Distilled water 

5.6 Eosine Methylene Blue (EMB) Agar (pH = 7.1-7.2) 
Peptone 10.0 g 
Lactose 10.0 g 
Dipotassium hydrogen phosphate (K,HP0,)2.0 g 
Agar 15.0 g 
Eosin Y 0.4 g 
Methylene blue 0.065 g 
D~stilled water 1 1  

5.7 EndoAgar(pH =7 .4 )  
Peptone 10.0 g 
Lactose 10.0 g 
Dipotassium hydrogen phosphate (KzHP0,)3.5 g 
Agar 15.0 g 
Sodium sulphate 2.5 g 
Basic fucshin 0.5 g 
Distilled water I I 

6. Procedure 

6.1 Presumptive Test 
6.1.1 Select the dilution according to the expected bacterial count using 

Table 5.2. 
6.1.2 Select the number of tubes for each sample as given in Table 5.2. 

Put Durham vials inverted In each test tube and put the media 
required. Sterilize the tubes at 121 'C for 15 minutes. 

6.1.3 Shake all the water samples vigorously immediately before 
removing sample aliquots to inoculate the serles of test tubes. 

6.1.4 Add samples using sterilized pipettes to the test tubes selected for 
the test and mlx thoroughly. Use separate pipettes for different 
samples as well as for dilutions. While withdrawing sample 
portions, the t ~ p  of the pipette should never be submerged more 
than 1 inch below the surface of the sample. This procedure 
minim~zes the accumulative drainage from exterior of plpette into 
the media. 

6.1.5 Place w~thin 30 minutes, all these tubes in an incubator at 35-37 
"C . 

6.1.6 After 48 hours, examine each tube carefully. Those showing gas 



in the Durham vlals are recorded as pos~tive (+). Gas In any 
quantlty even a tiny bubble is recorded as (+). The tubes showlng 
Positive Test are subjected to Confirmatory Test, as gas 
production 1s not the only criter~on for a posltive test. Discard all 
the Durham tubes f~rst at the completion of 24 hours. Subject the 
tubes showing positwe test ~mmedlately to a conf~rmatory test. 
Incubate negatlve tubes to a further period of 24 hours and observe 
any positlve results. 

w 

Table 5.2 D~lution of water samples for the Presumptive Test 

Type of water Sample volume Culture volume No. of 
(ml) (mu tubes 

Potable water 10 

Surface water 
(unpolluted) 

Polluted w~th 0.1 
domest~c sewage 0.01 

0.001 
0.000 1 

10 (double strength) 

10 (double strength) 
10 (single strength) 
10 (slngle strength) 
10 (slngle strength) 

10 (single strength) 
10 (single strength) 
10 (s~ngle strength) 
10 (single strength) 

6.2 ConfirmatoryTest 
6.2.1 For this test, Brilliant-green Lactose Bile Broth (BGLB) is used. 
6.2.2 Prepare fermentation tubes with 10 ml BGLB med~um and put 

Durham vials inverted in each tube. The number of tubes to be 
prepared is equal to all positlve tests In the presumptive tests. 

6.2.3 Shake gently, the fermentat~on tubes of presumptive test wlth 
positive results and transfer one loop-full of medium to BGLB 
broth. 

6.2.4 Incubate the tubes at 35-37 "C for 48 + 2 hours and record the 
tubes wlth gas formation as positlve. Remember that wrong 
concentration of BGLB or the exposure of the media to excessive 
heat or light may give false posltive tests. 

6.3 Completed Test 
6.3.1 Slnce some of the pos~tive results from the Confirmatory Test may 

be false, it IS desirable to repeat the completed test occasionally. 



For tills, inoculurn from each positive tube of the confirmatory test 
is streaked on a plate of Eosine Methylene Blue (EMB) or Endo 
Agar. 

6.3.2 Prepare Endo Agar (5.7) or EMB (5.6) Agar Petri d~shes. The 
number of Petri d~sl~es  to be prepared is the same as that of tubes 
showing gas production in BGLB medium. Label the dishes w~th 
the correspond~ng numbers of the tubes of confirmatory test. .. 

6.3.3 Streak inoculum of the BGLB tubes on the Petri dishes In such a 
way that the colonies after separation have a d~stance of 0.5 cm. 4 

6.3.4 Incubate these Petr~ dlshes at 37 'I 2 ('C for 24 hours. 
6.3.5 Now examine the d~shes for bacterial growth and colony 

appearance. Well isolated colonies w~th a dark centre (nucleated) 
are the typical col~form colon~es. They may have a metall~c 
surface sheen. The colonies that are p~nk or opaque are not 
nucleated. They are typical colonies and may belong to the 
coliforin group. Clear, watery colon~es are not of the col~forrn 
group and are reported as negatlve In the completed test. 

6.3.6 Now ~noculate a collforln colony ~solated (avo~d p~ck~ng a mlxture 
of colon~es) from each place into the tubes of Mac Conkey's broth 
and record the gas product~oii (a repetition of the presumptive test 
but with the colonies) w1t111n 48 hours at 37 "C. 

6.3.7 Also exainlne the colonies by Gram Staining. For th~s,  transfer 
the colonies to a nutrlent agar slant. Subject the colonies obtained 
from agar slants to the Gram Staining. 

6.3.8 If organisms appear rod (bacill~) shaped, red stained and occurring 
single or in pairs or in short chains, the test IS conf~rmed. S~nce 
the collform organisms are Gram-negat~ve, ~f the Gram-pos~tive 
organlslns or spore forming organisms appear, this portion 
(completed) of the test is noted as negatlve. 



FAECAL COLIFORM (E. coli) counts 100 ml-' Multiple Tube Fermentation 

1 .  Application 

1.1 The method IS applicable to potable water, surface water and effluents. 
4 

2. Definition 

2.1 Thermotolerant coliform bacteria, especially E. coli derived from human 
excreta ferment Lactose within 24 hours at 44 'C. E.coli also produces 
Indole from tryptophan. 

3. Summary of method 

3.1 Conduct the presumptive test In the same way as the total collform count 
but the confirmatory test should be carried out as outlined below. 

4. Apparatus 

4.1 Ferlnentatlon tubes 
4.2 Inoculation loops 
4.3 Durham vials 
4.4 Water bath with a thermostat 
4.5 Microscope 
4.6 All other materials required for total collform count 

5 .  Reagents and culture media 

5.1 Potassium dihydrogen phosphate [KH,PO,J 
5.2 Sodium hydroxide 1 NaOH] 
5.3 Magnesium chlorlde [MgCIZ] 

5.4 Mac Conkey's Broth (slngle strength med~um: pH = 7.4-7.5) 
Bile salts (Sodium taurocholate) 5 g 
Peptone 20 g 
Lactose 10 g 
Sodlum chloride 5 g 
Bromocresol purple (1 % ethanol~c solut~on) 

or 1 % neutral methyl red 1 ml 
Distilled water 1 1  



5.5 E. coli medruin 
5.5.1 Lauryl Tryptose (Lactose) Broth (double strength) 

Tryptose 40 g 
Lactose 10 g 
Sodlum chloride 10 g 
Dl-potasslum hydrogen phosphate 5.5 g 
Potassiu~n dihydrogeri phosphate 5.5 g 
Sodrum lauryl sulphate - specially pure 0.2 g 
Distilled water 1 I 

Add the tryptose, sodium clilor~de, lactose and phosphates to the 
water and warm to dissolve. Add the sodium lauryl sulphate and 
lnlx gently to avo~d froth. Adjust to pH 6.8. Prepare single 
strength medium by dilutron of the double strength medium with 
an equal volume of distilled water. 

Distill s~ngle strength rnedruin 111 5 ml volumes and double strength 
medium in 10 rnl and 50 ml volumes. Eacli tube or bottle should 
contaln an inverted fermentatlon tube. Autoclave at 115 "C for 10 
minutes. 

6. Procedure 

6.1 Presumptive Test 
6.1. I Perform presumptive test as of the total col~form count. 

6.2 Confirmatory test 
6.2.1 Carry out the test exactly as of the confrrmatory test for total 

colifor~n count but use E co11 med~um Instead of BGLB and 
lncubate the tubes at 44.5 "C In a water bath w~thiii 30 inlnutes 
after inoculatron. 

6.2.2 Remove the tubes after 24 hours. 
6.2.3 Shake the tubes gently and observe the gas production. The test 

IS posrtive if any gas is produced. Sucli tubes may be subjected to 
the completed test. 

7. Calculation 

7.1 Calculat~on of Most Probable Nuinbers (MPN) 
7.1.1 The calculation of MPN of col~form organisms IS done by 

comb~t~at~on of positive and negatlve results in the Mult~ple Tube 
Test. The values can be calculated for any of the combinat~ons 



given in Table 5.3. Refer Table 5.4 for estimation of Most 
Probable Number (MPN), if the tubes of only one sample portion 
(10 ml) have been used, as is usually done for potable waters. If 
three comblnatlons, e.g., 10 ml, 1 ml and 0.1 ml have been used, 
refer Table 5.3. The important thing to remember is that the 
positive and negatlve combinations of any one test can be used 
e.g., ~f a test has been carried out only upto the presumptive test 
stage, than the positive and negative combinatlons of this test can 
be used to calculate the MPN. If all three tests had been carried 
out, the MPN can be calculated on the basis of either 
presumptive, confirmatory or completed test. 

7.1.2 For example, let us assume that 5 tubes each of 10 ml, I ml and 
0.1 ml sample portions were used and the results of the test are as 
follows: 

10 ml portion - 2 tubes posit~ve, 3 tubes negative 
1 ml portlon - 2 tubes posit~ve, 3 tubes negative 
0.1 ml portion - All tubes negatlve 

7.1.3 The combination can be wrltten as 2-2-0 and the MPN index 
according to the Table 5.3 will be 9 cell per 100 ml. If a 
combination other than those given In the table appears, then 
perhaps the test has not been carried out according to the 
instructions. 

7.1.4 The Table 5.3 1s glven for starting d~lut~on of 10 ml, 1 ml and 
0. Iml. If any other dilutlon pattern is used (e.g., 100 ml, 10 mf 
and 1 ml), the same table can be used, but here, 100, 10 and 1 
w~ll be supposed as 10. 1 and 0.1. and the MPN obtained from the 
table will be put In the following formula to get the actual MPN 
per 100 ml of the sample: 

MPN table value x 10 
MPN per 100 ml - - 

Starting dllution - 
7.1.5 For example, if the results are as same as previously given 2-2-0, 

but the dilutions used are 100 ml, 10 ml and 1 ml, then according 
to the formula, 

9 X  10 
MPN per 100 tnl - - - - 0.9 

100 
7.1.6 If more than three dilutions are used, then select three successive 

d~lutions for the calculation of MPN, startlng from the highest 
dilutlon (the lowest sample fract~on) whlch glves positrve results 
In all flve tubes and next two lower dilut~ons. 

7.1.7 In case of unlikely combinatlons, use the following formula to 
calculate MPN per 100 ml: 



No of positive tubes x 100 
MPN per 100 1x11 = x total sarrlple in test 

Total sa~lple (n~ l )  in negative tubes 
These tables call be similarly used for faecal coliforms. 



Table 5.3 MPN per 100 ml for various combinations of positlve results when 5 tubes 
each of 10, 1 and 0.1 ml sample fractions are used 

Combination MPN per 100 Combination MPN per 100 ml 
ml 



Table 5.4 MPN per 100 ml values when five tubes of only 10 ml are used 

- - - - - 

No of tubes giving positive MPN per 10 ml 
results out of five 

0 0 



CHAPTER 6: LABORATORY ORGANIZATION, DATA PROCESSING, 
QUALITY CONTROL AND DISSEMINATION 

6.1 Laboratory Organization 

Water laboratories must be organ~zed or set up to meet the objectives of each 
assessment programme. Attent1011 should be pa~d mainly to the chorce of 
anal yt~cal methods. In many countries lnonltorlng laborator~es are organ~zed in 
two ways: ( 1)  reg~onal laboratories to conduct basic determ~nation not requlrlng 
very complex equipment, and (2) central laboratories to conduct more complex 
anal ys~s requ~riiig soph~sticated equipment and well tra~ned personnel. In 
addit~on, central laborator~es often provide the regional laboratories with 
methodologies and analyt~cal data on qual~ty control. Compat~bil~ty of water 
qual~ty data from different laboratories can only be ensured if ~dent~cal or at least, 
s~mrlar methods are used. 

Progress In analyt~cal che~n~stry has st~mulated the appearance of new, more 
advanced and more efficient methods. However. replacement of ex~st~ng methods 
often results in data compat~b~lity w~th older methods wh~ch can cause problems 
111 tune serles analys~s. Studies on the compat~b~l~ty of new methods w~th old 
methods must be undertaken. If new methods are accepted into a monltorlng 
programme an overlap period is requ~red where samples are analyzed by both the 
new and old methods. 

6.2 Data Processing 

Analyt~cal data collected by laborator~es. together with the informat~on on 
sampling and hydrological parameters are usually sent to a data processlng centre 
wh~ch IS not found In our country. However, it is reasonable to have a common 
~nformation centre wh~ch compiles the data from the entire country. The main 
objective of a data processlng centre IS the development, replenishment and 
management of the data bank. At the 1111t1al stage of development of a data bank, 
attention should be focused pr~nc~pally on the accuracy of the stored information 
because the forms of output may be improved 111 the process of data bank 
explo~tation. 

6.3 Quality Control Programme 
C 

Qual~ty Control (QC) 1s the process of monltorlng laboratory analysis to ensure 
results of known and defens~ble qual~ty. A QC programme monltors test 
performance, helps to ~dentify problems w~th a spec~fic analysis, and asslsts 
scientists In assessing the rel~ab~l ity of results. Quality Control Programme 1s 



generally confined to a particular laboratory. Experts agree that 10 to 20 % of 
resources including inan power should be dlrected towards ensuring the qual~ty 
of analytical data. When trace pollutants (e.g. pesticides and heavy metals) are 
measured the resources requ~red for qual~ty control may reach 50 % 
Unfortunately. specially 111 developing countries th~s problem 1s not given 
adequate attention. This results 111 the generation of unrel~able data and hence, 
unsatisfactory solut~ons to the water quality problems. . 

However, it IS necessary for an analyt~cal laboratory to be furn~shed with the . 
following so as to perform h~gh quality analysis: 

- Inter-laboratory cal~brat~on test 
- Well equipped laborator~es w~th technical accessories 
- Adequate cond~tlons for ma~ntenance of analytical instruments 
- Reliable and steady supply of laboratory reagents, solvents, gases of 

specifled grade and standard samples 
- A systematic qual~ty control programme 

Control samples w~th known values are prov~ded w~th control values and + 
standard deviation range. This ~nformation allows an ~ndiv~dual laboratory to 
compare ~ t s  data. The data may help In tdentify~ng a particular problem with an 
analysis or may lnd~cate a better method for a procedure that IS to be mod~f~ed. 

A good QC programme conslsts of at least 5 elementary requlrments for the 
follow~ng tests to be done regularly to ensure the rel~ability of data: 

1. Assessment of analyst competence 
2. Reagent blank check 
3. Calibration w~th standards 
4. Duplicate analysis 
5 .  Errors and control charts 

6.3.1 Assessment of Analyst Co~npetence 

It IS very important to be conversant with a part~cular analytical method before 
proceed~ng w~th the real analys~s. Follow the procedure given below to self- 
check your ab~l ity . 

. 
- Select the water quality parameter that you Intend to use in the assessment of 

analyst competence. 
- Make a mrnlmum of four repl~cate analysis of independently prepared 

check samples hav~ng a concentration between 5 and 50 times as the 



method detection limit for the a~lalysls in the laboratory 
- Determ~ne the concentration of repl~cates and record the results to 

calculate the precision of analys~s. 
- Compare your results with the following chart (Tabel 6.1). If the results do 

not glve an acceptable value, get the conf~dence of the method before 
proceeding further. 

I 

Table 6.1 Prec~s~on of analyt~cal results of different parameters . 
b Analysis Precision (%) Precision (%) 

Concentration Concentration 
Duplicates < Duplicates > 20xD.L 
20xD.L 
-- 

Metals 75 - 125 

Nutrients 75 - 125 90 - 110 

TOC 75 - 125 90 - 110 

D.L. - Detect~on limit 

6.3.2 Reagent Blank Check 

The purlty of reagents plays an important role In the final results. Follow the 
guidelines of chemical grade when selecting che~nlcals to prepare reagents for a 
part~cular analys~s. 

- Always analyse a ~n~niinum of 5 % of the number of samples as reagent blanks. 
- Analyse a reagent blank after any sample wlth a concentration more than that 

of the hlghest standard to avoid carryover from one sample to another. 

6.3.3 Calibration with standards 

- Always use four standards to plot a calibration curve when an analys~s 1s 
~n~tiated. 

- Verify the validlty of the calibration curve by analyzing two standards wlth~n 
the l~near range before uslng the prevlous cal~bration curve again. If the points 
are not 011 the calibration curve, prepare a fresh callbration curve. 



- Do not report the values above the li~ghest standard used In the cal~brat~on 
curve. Do a d~lution to br~ng the concentration of the sample down to the 
l~~iear  range of callbratlon curve. 

- The lowest reportable value 1s tlie detection lim~t of the method. 
- If a blank is subtracted, report the result even ~f ~t 1s negative. 

6.3.4 Duplicate Analysis I 

11.1 order to assess the precision. duplicate analys~s have to be performed. Always 
analyze 5 % of tlie samples In duplicate, calculate the % of precision. Check the 
value with the Table 6.1 for acceptable results of dupl~cate analys~s. 

6.3.5 Errors and Control Charts 

Two types of errors may be encountered dur~ng the analyt~cal process random 
and systematic. 

Random Errors 

A random error IS one w~th no trend or means of predict~ng ~ t .  Frequently 
occurring random errors ~nclude: 

- Mislabell~ng a sample 
- Pipettlng errors 
- Improper inlxing of sample w~tli reagents 
- Voltage fluctuatlons not compensated by the instrument 

electron~cs 
- Temperature fluctuat~ons. 

Systematic Errors 

A systeinatlc error w~ll be seen as a trend In data. Control values gradually rise 
(or fall) from tlie prev~ously established Ilmits. This type of error include: 

- Improper cal  brati ion 
- Deterlorat1011 of reagents 
- Sainple ~nstabil~ty 
- Iiistru~nent drlfts 

Control Charts 

Both random and systernatic errors can be ~dentlf~ed and corrected by ma~ntaini~ig 
control charts. The values should be taken froin the control samples. 



Construction of Control Charts (figure 6.1) 

- Obtain the mean and standard dev~ations of control solution. Usually the mean 
and standard dev~ations of the control solution are provided from the Central 
Mon~toring Laboratory. 

- Plot tlie follow~~lg lines as Y- co-ordinates: 
I Line 1: Mean (x) 

Llne 2: Warning lim~ts (WL) [mean _+ 3sl 
p L~ne 3: Control limits (CL) [mean -+_ 2sJ 

- Plot the date analyzed as X- co-ordinates. 
- Prepare a separate control chart for each water quality parameter, and 

display it 111 the lab. 
- When conducting routlne analysls. always include a salnple of control 

solution In the batch. 
- Plot the results of control solut~on In the respect~ve control chart before 

proceeding wlth further analysls. 

NB: * Wtdel y scattered polnts ~ndicate low precision, 
* Note systematic changes in calibration curve. 

Check Points (figure 6.1) 

Control limit (CL): If one measurement exceeds CL, repeat the analysis 
~inmedlately. If  the new result IS with~n the CL, cont~nue the analysis. If it 
exceeds stop tlie analysis and correct the problem. 

Mean line (ML): If six success~ve samples are above the ML, analyze another 
sample. If the next point IS below the ML, continue the analysls. I f  the next potnt 
is on the same s~de,  discontinue the analysls and correct the problem. 

Warn limit (WL). If two out of three successive po~nts exceed a WL, analyze 
another sample. If the next pollit IS less than WL, contlnue the analysis. If the 
next polnt exceeds WL, discontinue the analysis and correct the problem. 

NB: * Always prepare a control solution of concentration near the upper 
lim~t of the callbratlon curve. 

a 6.4 Quality Assurance Programme 

A good quality control programme IS a part of the overall goal of quality 
assurance [QA), wliich encompasses every aspect of the laboratory operation from 
sarnple collect1011 and preservation to the clear reporting of the final laboratory 



results. Therefore quality assurance is lntricated with the total process, not slmply 
the results produced In the laboratory. The data generated following the quality 
control procedures will be utllized In data auditlng process usually by the central 
laboratory. Therefore, care should be taken to maintain the laboratory according 
to the follow~ng guidelines. 

- Quality assurance plan with authorization t 

- Cal ibrat~on graphs wlth record~ng facll ities of occasional calibrat~on points 
- Laboratory mean control charts * 

- Qulck guide of analytical methods 

Control Level (CI I X -3s 
Warn Level ( W L )  • - 

X-2s 

- - 
Mean Level (ML) x' 

- 0 

- 
X - Mean 
S - Standard deviation . - Measurement 

@ - Corrected measurement 

Measurement 
exceeds 7 
CL llmlt 

SIX successive 
measurements 
a b v e  ML 

0 

Date 

5 
t 

K 
a, 
0 
K 
0 
0 

Two out 
of three 
measure - 
rnents 
exceed 
W L  

Warn Level (WL) 
R-2s 

. Control Level (CL) - 
X -3s 

Figure 6.1 Control Chart 

- Qulck guide of the operat~on/ma~ntenance of equipment 
- A laboratory copy of the operating manual and detect~on llm~t chart of all 

parameters analyzing 111 the laboratory 
- Status report of purlty of reagents, chemicals, etc. 
- Quality of glassware and other laboratoryware 
- Waste disposal procedures 
- Unified data coding sheets 
- Laboratory safety procedures 
- Laboratory bookldata recording 



If this information is not In order, make ~mmediate arrangements to have the 
appropriate documents ready prior to routlne analys~s in the laboratory. 

6.5 Interpretation and Dissemination of Data 

4 Interpretat~on of results and d~ssemination of data are the final two steps ~n an 
assesslnent programme. Correctly, interpreted results w~ll not be of much use if 

C they are not d~ssem~nated to all relevant author~t~es, sclentlsts and the public in 

a form which IS readily understandable and acceptable to the target aud~ence. 
The form and level of data presentation are therefore cruc~al. Usually, the 
~nterpretation of results is undertaken by subject spec~alists. Interpretations 
should be always referred to the objectives and should also be proposed 
Improvements, including s~mplificat~ons, in the rnonitor~ng activities as well as 
the need for further research and guldel~nes for env~ronmental plannlng and 
economlc development. Subsequently. these find~ngs should be discussed wlth 
the appropriate local, regional and nat~onal authorities and, others such as the 
~ndustr~al development and/or natlo~~al planning bureaus as required. Beside these 
authorities, results should be cornrnun~cated to water resource managers, the 
public associations for env~ronmental protectlon, educat~onal ~nstitutions, other 
countries and to relevant internat~onal organizations. 
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APPEN1)IX UNI'I'S AND CONCENTRATIONS 

Equivalence of units 

Old 
SI system 

dm: 
ml cm 

Chem~cal amount eel 
(\ubstance irom context) 

mol 
(wbstance spec~l~ed  e.g Na + . '/2CaZ' ) 

Md\\ c~ncctltrat~otl pg ml ' = mp 1 ' = p p ~ n  = gin' pp crn3 = mg dm' = gm' 

Chem~cal concentratloll N = ecl 1 ' mol dm ' 
(substance from context) mecl 1 ' (substance 5peclfied) mmol dm ' 

Expressions of concentration 

Evprespion Definition Symbol Unit5 

Molar~ty Moles ot wlute M lnol 1 ' 

Maw ot \cilutc 
.......................... x 100 
Total ma\s of the \olut~on 

Part\ pcr thousand Gram\ nl \ub\tancc 
------------------- x 10' 
Gram\ ot \ample 

Part\ per rn~l l~on Grams of \ul>slance 
-------------.-.-- x 10" 
Gram5 of \ample 

Part\ per b~lhon Grams of \ub\tance 
------------------- r ~ n ~  

wtlwt % --. 

.. . .. 
Grams of \ample 

* n is tllc number of protons donated or accepted hy thc \pccie\ 

Concentrated acid\ and haws 

Kcagent Approximate weight % Approximate molarity ml of rea rent needed to 
prepare PL of = 1.OM 

Acetrc (CH,C021-1) 

Hydrochloric (HCI) 

Hydrofluonc (HF) 

N ~ t r ~ c  (H NO,) 

Perchlorrc (HCIO,) 

Pho\phnnc (H'PO,) 

Sulfur~c (HISO,) 

A~ninon~:~ (NH,OH) 

S~idru~n hydroxide (NaOH) 

P o ~ : i ~ ~ ~ u ~ l l  hydrox~dc (KOH) 45 0 11 7 85 5 
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AAS, 13, 25 
A~cura~y .  33 
Algae, I8 
Alkal~mty. 109 
Alun1111un1, 66 
Ammolua, 120 
Arralytical Balance, 2, 23 

.-.* Analytical procedures, 44 
Anal ytlcal techn~ques, 2 
Acluat~c orgaii~sn~s, 1 
Atomic Absorption Spectrophoton~eter, 13, 25 
Atoni~c Em~ssior~ Spectrophotometric. 10 1 , 103 
Ava~lable Phosphorous, 137 
Bacteria, 18 
Beer's Law, 13, 17 
Biocl~eniical Oxyger~ Denland, 150 
Biological characteristics, 2 
Bipyrldl~ie method, 86 
Blank titration, 7 
BOD,. 150 
Brillient-green Lactose Bile Broth, 171 
Burner ~liarl~ber cleaning, 25 
Burner cleailil~g, 25 
Cadn~iuin, 70 
Calc~mn, 74 
Catecliol v~olet metl~od, 69 
Cell, 12 
Clielat~onIExtiaction, 66, 70. 81, 87, 97. 105 
Chemical Analysis, 4 1 
Chemical Oxygen Denland, 155 
Chloride, 1 12 
Cliolerrr vlOno. 20 
Chromiuni, 77 
C~trohactor, 20 
COD, 155 
Coefticient of var~atioti, 33 
Col~fonli bacteria, 20 
Col~fonii organisms, 165 
Col0111, 45 
Cotnh~nation electrode, 8 
Completed Test, 17 1 ,  173 

. Conductivity, 58 
Cotiduct~v~ty bndge, 58 
Co~iduct~vity water. 58 
Confidence interval, 3 1 
Confidence level. 32 

Coiifirn~atory Test, 17 1, 173, 176 
Control limit. 185 
Control charts. 184 
Copper, 81 
Cyanide. 1 15 
Data processing, 18 1 
Data interpretation, 187 
Degrees of freedom, 29, 32 
Detect1011 and enunieration, 21 
Detect1011 limit, 39 
Detector, 12 
D~g~ ta l  tl~ernlometer, 47 
Dlnietliyl glyoxime method, 100 
Dissem~nat~on of data. 18 1 .  187 
Dissolved Oxygen, 146 
Dithiozone method, 73, 90, 108 
Duplicate analys~s, 184 
E toll. 20, 174 
EDTA titration, 76, 93 
Electromc dnft. 13 
Electromc Balance, 3 
END0 agar, 172 
Entero bacteria, 20 
Eilterobactor . 20 
Eos~ne Methyleiie Blue (EMB) Agar, 172 
Equipnle~~t resolution, 39 
E.\c.hcv-lchlcr L O B ,  20, 175 
F-test, 29, 30 
Faecal col~forn~. 175 
Faecal pollut~on, 18 
Faecal .ctreptococcus, 70 
Fern cyanide n~etllod, 1 14 
F~ltrat~on systan, 45 
Flame pliotonietr~c method, 102, 104 
Glass electrode, 55 
Glassware cleaning, 27 
Goocli cruc~ble, 63 
Gram stalnlng, 174 
Gravimetry, 4 
Hardness, 5 1 
Heavy nietals, 1 
Hydraz~lie reduction n~etl~od, 136 
Ind~cator mlcro-orgamsms, 20 
l~idole reaction. 168 
Indole test, 169 
Ilistrumental design, 8, 1 I,  14 
IR-Spectropliotometr~c, 1 59 



Iron, 85 
Ke~~mierer sampler, 41 
Kjeldahl apparatus, 123 
Kjeldalll d~gest~on, 127 
Kjeldalil method, 123 
Kjeldahl N~trogen, 123 
Kleb~iellu. 20 
Kovac's Reagent, 169 
Laboratory organizat~oii. 18 1 
Laboratoryware, 33 
Lactose Peptone Water, 169 
Lauryl Tryptose (Lactose) Broth, 176 
Lead, 87 
Limnology, 4 1 
Mac Co~ikey Agar, 169 
Mac Coiikey's Broth, 175 
Magne\iurn, 9 1 
Mag~iet~c wrrer, 8 
Ma~iganese. 94 
Mathematical operations, 37 
Mean line, 185 
Mean, 28 
Mecliailical Balance, 2 
Men~brane filtration method, 22. 165 
Menihra~ie Lauryl Sulphate Broth, 165 
Mercury Tliennometer. 47 
Metals. 66 
Micro-uutrients. 40 
Micro-orgamsnis, 18 
Microhiolog~cal characteristics, 17 
Microb~oPogacaP paranleten. 8 62 
Monochromator. 12 15 
Most Probable Number, 22, 176 
Moulds. 18 
MPN, 22. 176 
Multiple Test Tube ~iietliod. 22 
Multrple Tube Feniientat~on, 17 1, 175 
Nansen sai~ipler, 4 1 
Nebulizer, 14 
Neocuproiiie nietliod. 84 
Nephelorneter. 48 
N~ckel, 97 
Nitrate. 132 
Nitr~te, 129 
No~se, 39 
Noniograpliic method, 11 I 
Non-metallic cotistitueilts, 109 
NTU, 48. 50 

Nutrient Agar, 162, 169 
Nutr~e~it Broth, 170 
Oxygeli menibrane nietliod, 149. 153 
Pathogen~c, 18, 20 
Perwlphate oxidat~oii method. 96. 161 
pH, 8, 55 
pH electrode. 9, 23 
pH nieasurenient. 7 
pH meter, 18. 23 
pH uiuts, 55 
Phosphorus (Available), 137 
Phosphorus (Total). 140 
Photo-niultiplier, 15 
Pliys~cal analys~s, 41 
Pliys~cal paranieters. 45 
PlatuiumlCobolt \cdle. 46 
Pos~t~ve Test, 173 
Potassium, 10 1 
Potentlometer, 8 
Potentiometry. 7 
Pour plate cult~~re. 21. 162 
Pre-treamient, 40 
Prec~sion, 29. 33 
Preservation. 40 
Presuiiiptive Test. 17 1 ,  172, 176 
Pr~niary standard. 7 
Pr~~ic~ples  and nrocedures, 2 
Process~ng. 40 
Protein renlovail. 34 
Protozoa. 18 
P.\ c~lrclonroncl.\ . 70 
Pulsed Power Supply. 14 
Q-table, 33 
Q-test, 32 
Qual~ty aswrance. 185 
Quality assessment. I 
Quality control. 18 1 
Rad~ation source. 1 1 .  14 
Random errors. 184 
Reference electrode, 8. 55 
Regulatory polic~es. I 
Reproducih~lity. 2 
Ringer's Solution. 163 
Roundi~ig off numbers. 34 
Rutt~ier saiiipler. 4 1 
Scrlmoi~ella, 20 
Sample \torage. 42 
Sa~iiple treatnient, 42 



Sampling strategies, 40 
Shigella, 20 
Significant figures, 35 
Sodium, 103 
Spectrophotometer, 11, 24 
Standard Deviation, 28 
Standard Error, 33 
Stannous chloride method, 139, 142 

.J Statistics, 28 
Stirrer, 8 
Stirring bar, 55 
Storage of electrode, 24 
Student t-Test, 30, 32 
Sulphate, 143 
Surface water, 41 
Systematic errors, 184 
Temperature, 47 
Temperature probe, 47 
Thermometer, 47 
Themotolerant-coliform, 165 
T h p o l  blue method, 145 
Titrimetric, 51, 109, 112, 146, 150, 155 
TOC, 159 
Total Colifomi, 171 
Total Colony Count, 162, 165 
Total Dissolved Solids, 63 
Total Organic Carbon, 159 
Total Phosphorous, 140 
Total Suspended Solids, 60 
Trace elements, 40 
Transportation and storage, 21 
Tryptone water, 168 
Turbidity, 48 
User maintenance, 23 
Vacuum system, 45 
van Dorn samplers, 41 
Viruses, 18 
Visual method, 50 
Volumetry, 5 
Warn limit, 185 
Water quality, 1 
Yeast, 18 
Zinc, 105 


